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ABSTRACT 
Biloxi Marsh, located along the shoreline of Eloi Bay in St. Bernard Parish, Louisiana has 
experienced significant shoreline erosion in recent years. The Living Shoreline Demonstration 
Project, completed in November 2016, constructed three miles of living shoreline structures to 
attenuate waves and thus combat marsh edge erosion along the shoreline of Eloi Bay. Several types 
of constructed oyster reef breakwaters were installed for this demonstration project. Due to the 
experimental nature of these products, available performance characteristics are limited.  
This research measures wave attenuation across the constructed oyster reef breakwaters 
using bottom-mounted pressure gauges. Seven pressure gauges were deployed to obtain wave 
characteristics on the unprotected and protected sides of four types of breakwater structures.  The 
raw pressure data were processed to determine water surface elevations, significant wave heights, 
and peak wave periods.  In addition to the wave gauges, two water level sondes were deployed to 
record water surface elevations at the site.  Topographic and bathymetric surveys were also 
conducted along cross-shore transects at the wave gauge locations to provide a profile of the 
shoreline and structures.  The wave attenuation and transmission characteristics of the oyster reef 
breakwaters from the field measurements are presented. A range of transmission coefficients were 
calculated for each breakwater structure type. 
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1. INTRODUCTION 
1.1 REGIONAL BACKGROUND 
 Coastal Louisiana is an important natural, cultural, and economic resource. The current 
Mississippi River delta along with its prehistoric and historic delta lobes shaped the Louisiana 
coastline and its unique ecosystems. The Louisiana coast is losing valuable wetlands at a rate of 
16.57 square miles per year (Couvillion et al., 2011). This land loss, if occurring at a constant rate, 
would equate to Louisiana losing an area the size of one football field per hour (Couvillion et al., 
2011). Figure 1.1 shows the land area change in coastal Louisiana from 1932 to 2010 and an 
enlarged view of the temporal categorization of land area change in the Pontchartrain Basin, 
located east of the Mississippi River. 
Much of this wetland loss is due to the erosion of shorelines by natural forces. Natural 
waves account for 26% of coastal land loss in the Mississippi River delta plain (Penland et al., 
2000). Figure 1.2 shows land loss along the shoreline of Eloi Bay is predominantly caused by 
natural waves. 
In many coastal areas, landowners and stakeholders attempt to combat shoreline erosion 
by armoring the land/water interface. This is mostly accomplished by the use of limestone riprap, 
concrete mats, or sheet pile walls composed of wood, vinyl or steel. Recently, more attention has 
focused on the use of living shorelines as a means of shoreline protection. A living shoreline is a 
term that encompasses a range of shoreline stabilization techniques that has a footprint made up 
of native material. Living shorelines maintain continuity of coastal processes and reduce erosion 
while providing habitat value and enhancing coastal resilience (NOAA, 2015). 
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Figure 1.1: Land area change in coastal Louisiana from 1932 to 2010; (top) Louisiana coastal 
zone (CPRA, 2017; data from Couvillion et al., 2011), (bottom) enlarged view of the temporal 
categorization of land area change in the Pontchartrain Basin (modified from Couvillion et al., 
2011). 
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Figure 1.2: Process classification of coastal land loss between 1932 and 1990 in the Mississippi 
River delta plain, southeastern Louisiana (modified from Penland et al., 2000). 
 
Louisiana’s Comprehensive Master Plan for a Sustainable Coast (CPRA, 2017) includes 
many projects that build or maintain land and reduce risk to communities. One project type 
included in the master plan is oyster barrier reef projects. The master plan defines oyster barrier 
reef projects as bioengineered oyster reefs that improve oyster cultivation and reduce wave 
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energies on shorelines in open bays and lakes. One of the attributes of oyster barrier reef projects 
is wave attenuation, which is the percent of wave energy deflected away/prevented from contact 
with the shoreline by the project. Wave attenuation was calculated for oyster barrier reefs in the 
master plan on a per-project basis using methodology found in the United States Army Corps of 
Engineers (USACE) Coastal Engineering Manual (CEM) (2008). This study contributes to the 
quantification of wave attenuation for a master plan oyster barrier reef project by leveraging field 
recorded wave data. 
1.2 STUDY SITE 
The study site for this research is located off the shoreline of Eloi Bay in St. Bernard Parish, 
Louisiana. The study area is located within the Pontchartrain Basin and encompasses the eastern 
shoreline of Biloxi Marsh at Eloi Point and the adjacent water near the mouth of Bayou La Loutre 
(see Figure 1.3). Breton Sound and Chandeleur Sound separate the study site from the Gulf of 
Mexico. The Chandeleur Islands and other barrier islands that separate the sounds from the Gulf 
of Mexico are located approximately 20 miles away from the study site and provide little protection 
from the wind induced wave energy at the site.  
The Living Shoreline Demonstration Project (PO-148), completed in November 2016, was 
constructed with the primary goal of combating shoreline erosion at the study site. This project, 
sponsored by the Coastal Protection and Restoration Authority (CPRA) and included in the master 
plan, created three miles of oyster barrier reefs demonstrating multiple types of oyster-promoting 
products. The breakwater products OysterBreaks, Reef Balls (Type 1 and Type 2), Wave 
Attenuation Devices (WAD), and ShoreJax were constructed along the -3.0 foot contour. 
Additionally, ReefBlk units were constructed along the -1.5 foot contour at the gaps of the 
breakwater structures. Figure 1.4 shows the types of structures constructed for PO-148. Along with 
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the primary goal of shoreline protection, secondary goals of the project include oyster growth and 
colonization, sediment accretion, and performance demonstration of the selected products. The 
cost of this project was approximately $15.3 million and was funded through the Coastal Impact 
Assistance Program (CIAP). The results of PO-148, along with the performance and cost of the 
structures, will be considered in the design of a larger, adjacent project, the Biloxi Marsh Living 
Shoreline Project (PO-0174). PO-0174 is currently in the engineering and design phase and will 
provide approximately 13 miles of oyster barrier reefs. This project has an estimated cost of $57.7 
million and is funded by the Resources and Ecosystems Sustainability, Tourist Opportunities and 
Revived Economies of the Gulf Coast States Act of 2012 (RESTORE Act). 
 
Figure 1.3: Study site vicinity map. 
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Figure 1.4: PO-148 shoreline protection structures (photo credits: OysterBreak – Wayfarer 
Environmental Technologies; WAD - Mott MacDonald; Reef Ball - Tetra Tech, Inc.; ReefBlk - 
Beth Maynor Young, 2010; ShoreJax - ACF Environmental. Sketches: Coast and Harbor 
Engineering, 2015). 
 
1.3 OBJECTIVES 
 Performance characteristics of constructed oyster reef breakwaters are limited due to the 
relatively recent implementation of these structures as a means of shoreline protection. Engineers 
and stakeholders are still experimenting and studying the most productive and cost effective 
methods to construct each of the different structure types to maximize shoreline protection while 
also providing a substrate for oyster accruement. There is limited data on the shoreline protection 
7 
benefits of oyster reef breakwaters. The objective of this research is to quantify shoreline 
protection of these structures by determining the transmission coefficients of the oyster reef 
breakwaters constructed for the Living Shoreline Demonstration Project (PO-148). This is 
accomplished through data analysis of in-situ wave measurements using bottom-mounted pressure 
gauges.  
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2. LITERATURE REVIEW 
2.1 WAVE CLIMATE IN ESTUARIES 
 A Coastal Engineering and Alternatives Analysis was conducted by Coast and Harbor 
Engineering (CHE, 2014) for PO-148 to develop an understanding of water level and wave 
conditions at the project site. Water surface elevation (WSEL), wind, and wave data were selected 
from stations in the project vicinity for coastal processes analysis. Available meteorological data 
stations in the project vicinity were described in the Data Collection Summary and New Data 
Collection Plan Technical Memorandum (CHE, 2013) and shown in Figure 2.1. Measured wind 
and wave data were obtained from the National Oceanic and Atmospheric Administration’s 
(NOAA) National Data Buoy Center (NDBC) stations (NOAA, 2012) shown as green points in 
Figure 2.1. Wind and wave data produced from hindcast models were obtained from the USACE 
Wave Information Studies stations (WIS, 2012) shown as yellow points in Figure 2.1. 
 
Figure 2.1: Available meteorological data stations near the project site (CHE, 2013). 
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Tidal elevations for the project site were established by CHE using NOAA’s VDatum 
software (NOAA, 2013) and are listed in Table 2.1. 
Table 2.1: Tidal datums at project site and Bay Waveland (CHE, 2014). 
Water Level Project Site (feet) (NAVD88)
Bay Waveland 
(feet) (NAVD88) 
Mean Higher-High Water (MHHW) 1.32 1.42 
Mean High Water (MHW) 1.28 1.32 
Mean Sea Level (MSL) 0.60 0.56 
Mean Low Water (MLW) -0.13 -0.20 
Mean Lower-Low Water (MLLW) -0.19 -0.31 
 
Tidal elevations were also obtained by CHE for the Bay Waveland Yacht Club station (Tides and 
Currents, 2013) for comparative purposes. An extreme value analysis was performed by CHE 
using the Bay Waveland Yacht Club station data to provide anticipated water level estimates 
during extreme events. These results are summarized in Table 2.2. 
Table 2.2: Extreme value analysis for water surface elevation (CHE, 2014). 
Return Period
(years) 
Water Surface Elevation
(feet) (NAVD88) 
1 4.3 
2 5.6 
5 7.8 
10 9.8 
25 12.8 
 
 Wave roses of WIS Station 73141 developed by CHE are shown in Figure 2.2. Wave 
heights were sorted by summer months, April-September (Figure 2.2, a), winter months, October-
March (Figure 2.2, b), all months (Figure 2.2, c), and winter months having wave height ≥ 8 ft. 
(Figure 2.2, d). 
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Figure 2.2: Wave roses for WIS Station 73141 (a) summer months, (b) winter months, (c) winter 
months, and (d) winter waves ≥ 8 ft. [NOTE: (d) is on a different radial scale] (CHE, 2014). 
 
WIS Station 73141 wave data were analyzed by CHE to produce monthly and general wave 
statistics shown in Table 2.3. An extreme value analysis was conducted by CHE to determine 
extreme wave heights and corresponding wave period. The wave period was correlated to the 
extreme wave height through a joint wave height – wave period distribution (CHE, 2014). The 
results of the extreme value analysis of wave heights are shown in Table 2.4. 
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Table 2.3: Monthly statistics of significant wave height and peak wave period at WIS Station 
73141 (CHE, 2014). 
Month Mean Hs (feet) 
Range of 
Hs 
Min – Max
(feet) 
Standard 
Deviation
Hs 
(feet) 
Mean
Tp 
(sec) 
Maximum
Tp 
(sec) 
Standard 
Deviation 
Tp 
(sec) 
Mean 
Wave 
Direction
(deg TN)
Jan 3.8 0 – 15.5 2.2 5.1 11.1 1.4 86 
Feb 4.0 0 – 17.1 2.3 5.2 11.1 1.5 100 
March 3.8 0 – 13.8 2.2 5.3 11.1 1.6 121 
April 3.5 0 – 10.8 1.9 5.1 10.0 1.4 127 
May 2.7 0 – 12.3 1.6 4.7 10.0 1.1 134 
June 2.3 0.2 – 10.4 1.5 4.5 11.1 1.2 151 
July 1.7 0.1 – 16.1 1.2 4.0 10.0 1.0 164 
Aug 1.8 0.1 – 18.7 1.5 4.1 15.0 1.2 137 
Sept 2.8 0.1 – 26.4 2.2 4.7 14.3 1.5 103 
Oct 3.5 0 – 21.9 2.3 5.0 16.7 1.7 81 
Nov 3.9 0 – 17.4 2.1 5.1 15.0 1.4 87 
Dec 3.9 0 – 14.3 2.1 5.1 12.5 1.3 89 
Overall 3.1 0 – 26.4 2.1 4.8 3.3 – 16.7 1.4 116 
 
Table 2.4: Extreme value analysis of wave heights at WIS Station 73141 (CHE, 2014). 
Return Period
(years) 
Significant Wave
Height, Hs 
(feet) 
Peak Wave
Period, Tp 
(sec) 
1 13.3 9.2 
2 15.4 10.0 
5 18.6 11.2 
10 21.1 12.1 
25 24.7 13.4 
50 27.5 14.4 
 
WIS Station 73141 does not accurately represent wave conditions at the study site due to 
its location in the Gulf of Mexico, offshore of the barrier islands. CHE performed wind wave 
generation and transformation modeling for the project vicinity to determine wave characteristics 
at the shoreline. This was conducted using the two-dimensional SWAN (Simulating Waves 
Nearshore) model, which utilizes bathymetry, incident wave spectra, and local wind conditions to 
generate and transform waves into the nearshore environment (CHE, 2014). Wave transformation 
from WIS Station 73141 to the project site was modeled for average conditions and storm 
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conditions. Figure 2.3 shows the modeling results for average conditions from the northeast 
direction. The SWAN model was also used to transform a time series of waves from the WIS 
station to the nearshore region from 1980 – 2012, where wave height, period, and direction were 
extracted. A transfer function was developed between the WIS input and the nearshore results to 
generate the full time series along the project shoreline. Figure 2.4 shows the long-term average 
significant wave height and peak wave period at the -4.5 ft (NAVD88) contour (CHE, 2014). This 
model was not validated with in-situ wave measurements at the study site. 
 
Figure 2.3: Wave heights results from the SWAN model for average conditions from northeast; 
(left) offshore grid, (right) nearshore grid (CHE, 2014). 
 
Wave parameters can be calculated using parametric wave hindcasting models. Parametric 
wave hindcasting determines wave height (H) and wave period (T) from fetch (F), wind duration 
(t), and depth of water (d). The JONSWAP method of wave hindcasting models wave properties 
in deep water (Hasselmann et al., 1973). Young and Verhagen (1996) developed commonly used 
equations for depth and fetch limited wave parameters: 
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ܪ௠଴∗ ൌ 0.24 ቊtanhሾ0.49ሺ݀∗ሻ଴.଻ହሿ tanh ቈ 0.0031
ሺܨ∗ሻ଴.ହ଻
tanhሾ 0.49ሺ݀∗ሻ଴.଻ହሿ቉ቋ
଴.଼଻
ሺ1ሻ 
 
௣ܶ∗ ൌ 7.54 ቊtanhሾ0.33ሺ݀∗ሻሿ tanh ቈ0.00052ሺܨ
∗ሻ଴.଻ଷ
tanhሾ 0.33ሺ݀∗ሻሿ ቉ቋ
଴.ଷ଻
ሺ2ሻ 
where ܪ௠଴∗  is the dimensionless zero-moment wave height, ௣ܶ∗ is the dimensionless peak wave 
period, ݀∗ is the dimensionless depth, and ܨ∗ is the dimensionless fetch. 
ܪ௠଴∗ ൌ ݃ܪ௠଴
ଵܷ଴ଶ
ሺ3ሻ 
௣ܶ∗ ൌ ݃ ௣ܶଵܷ଴ ሺ4ሻ 
݀∗ ൌ ݃݀̅
ଵܷ଴ଶ
ሺ5ሻ 
ܨ∗ ൌ ݃ܨ
ଵܷ଴ଶ
ሺ6ሻ 
݀̅ ൌ 1ݔන ݀௫ሺݔሻ݀ݔ
௫
଴
ሺ7ሻ 
ഥܷଵ଴ ൌ 1ݔන ଵܷ଴ሺݔሻ݀ݔ
௫
଴
ሺ8ሻ 
where ݃  is the acceleration of gravity, ܷഥଵ଴ is the wind velocity at 10 meters above the water surface 
averaged over the fetch, and ݀̅ is the average water depth along the fetch. The formulas developed 
by Young and Verhagen (1996) are applicable for shallow coastal estuaries and bays because of 
the depth and fetch limited parameters. 
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Figure 2.4: Average (top) wave heights and (bottom) peak wave periods as computed by the 
SWAN model from 1980-2012 (CHE, 2014). 
 
 Studies have shown that wind wave energy in wetland dominated estuaries can accelerate 
wetland loss rates (Karimpour et al., 2016; Marani et al., 2011). Karimpour et al. (2017) developed 
a set of parametric wave growth equations that demonstrate wave growth rate in shallow estuaries 
as a function of wind fetch to water depth ratio: 
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෠݇௣ ෠݄ ൌ 1.363൫tanh൫3.356෠݄൯൯଴.ଷଵହ ൑ 1.363 ሺ9ሻ 
෠݇௣ ෠݄ ൌ 11.14641 tan
ିଵ ቆ ܧ෠3 ൈ 10ିହቇ ൑ 1.363 ሺ10ሻ 
for ܧ෠ ൑ 3.64 ൈ 10ିଷ; where ෠݇௣ is dimensionless peak wave number, ෠݄ is dimensionless water 
depth, and ܧ෠ is dimensionless wave energy. 
Leonardi et al. (2016) determined a linear relationship between wind wave energy and salt 
marsh response with no critical threshold in wave energy above which salt marsh erosion 
drastically accelerates. They found that violent tropical storms contribute less than 1% to long-
term salt marsh erosion rates and moderate storms with a return period of 2.5 months cause the 
most marsh deterioration. This shows that salt marshes are very susceptible to above average wind 
produced waves. 
2.2 OYSTER REEFS AS BREAKWATERS 
Eastern oysters (Crassostrea virginica) are important to Louisiana’s coastal ecosystem 
because of the many ecosystem services they provide (Coen et al., 2007). The shell reefs created 
by oysters provide unique, structurally complex habitat that supports distinct and diverse aquatic 
communities, functions as nursery habitat for many fish and shellfish species, and enhances local 
productivity (Soniat et al., 2004; Plunket and La Peyre, 2005; Schyphers et al., 2011). Oyster reefs 
can improve recreational fisheries by providing valuable foraging sites for transient, predatory 
fishes such as flounder, drum, and speckled trout (Plunket and La Peyre, 2005; Schyphers et al., 
2011). Oysters also enhance water quality by filtering large volumes of water daily to feed. By 
removing large amounts of carbon, phosphorus, and nitrogen incorporated into phytoplankton 
biomass, oysters can mitigate nutrient loading and help prevent eutrophication and hypoxia (Wall 
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et al., 2011). It is estimated that 85% of the filtration capacity of oysters in the United States has 
been lost in the past century (Zu Ermagassen et al., 2012). 
Oyster reefs are frequently found near the marsh edge, and the vertical structure serves to 
attenuate wave energies and reduce water velocities resulting in reduced erosion as well as 
increased sediment deposition behind the reef, both of which act to stabilize the shoreline 
(Campbell, 2004; Piazza et al., 2005). With adequate oyster recruitment and survival over time, 
living oyster reefs can promote continuous three-dimensional reef growth. The potential for oyster 
reefs to be self-sustaining shoreline protection structures can make them a preferable alternative 
to traditional shoreline structures such as rubble mound breakwaters, which are unnatural and 
require maintenance to combat settlement and sea level rise. 
Bioengineered oyster reefs, which are man-made structures designed to promote the 
formation of marsh-fringing oyster reefs, have been implemented in many locations in Louisiana 
(Furlong, 2012; La Peyre et al., 2013). Although most of these projects have been constructed too 
recently to determine their long term effectiveness, those that have been monitored have shown 
they can significantly reduce shoreline recession while also supporting adequate oyster recruitment 
and survival such that the reefs may be sustainable (Piazza et al., 2005; Melancon et al., 2013).  
Oyster reefs may be a preferable method of shoreline protection in south Louisiana for 
several reasons: it is native to the area, it is lighter than traditional materials (e.g. limestone), it is 
conducive to oyster spat production and growth, it has potential for sustainability, and it can 
support aquatic wildlife. 
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2.3 WAVE TRANSMISSION AND ATTENUATION BY BREAKWATERS 
 Several studies have been conducted to measure the transmission and attenuation of waves 
by breakwaters. Wave attenuation is described by the wave transmission coefficient, ܭ௧ (Jeffreys, 
1994): 
ܭ௧ ൌ ܪ௧ܪ௜ ሺ11ሻ 
where ܪ௧ is the transmitted wave height and ܪ௜ is the incident wave height. 
Wave transmission can be characterized as a function of non-dimensional ratios of 
structure geometry and hydrodynamic parameters (Goda et al., 1967): 
ܭ௧ ൌ ݂ ൬ܴ௖ܪ௜ ,
ܤ
݄௜ ,
݄௖
݄௜ ,
݄௜
ܮ௜ ,
ܪ௜
݄௜൰ ሺ12ሻ 
where ܴ௖ is the structure crest freeboard, ܤ is the crest width, ݄௜ is the water depth, ݄௖ is the 
structure crest height above the bottom, and ܮ௜ is the incident wavelength. 
Seelig (1980) conducted two-dimensional laboratory tests on smooth impermeable 
breakwaters, rubble mound breakwaters, and breakwaters armored with dolos units. Seelig (1980) 
developed empirical equations for smooth and impermeable sloped breakwaters using the runup 
prediction equation developed by Franzius (1965): 
ܴ ൌ ܪ௜ܥଵ ቆ0.123 ܮ௜ܪ௜
ቇ
ቆ஼మටு೔ ௛೔ൗ ା஼యቇ
ሺ13ሻ 
ܪ௜ ൌ 0.63ܪ௜ ሺ14ሻ 
where ܴ is the runup, ܪ௜ is the mean wave height, ܪ௜ is the incident significant wave height at the 
breakwater seaward toe, ܮ௜ is the wavelength, and ݄ ௜ is the water depth. ܥଵ, ܥଶ, and ܥଷ are empirical 
coefficients which can be linearly interpolated. The recommended values of the empirical 
coefficients are given in Table 2.5. 
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Table 2.5: Empirical wave runup prediction coefficients for smooth impermeable slopes (Seelig, 
1980). 
Front-face slope of 
breakwater ܥଵ ܥଶ ܥଷ 
Vertical 0.958 0.228 0.0578 
1:0.5 1.280 0.390 -0.091 
1:1 1.469 0.346 -0.105 
1:1.5 1.991 0.498 -0.185 
1:2.25 1.811 0.469 -0.080 
1:3 1.366 0.512 0.040 
 
ܭ௧ ൌ ܥ ൬1 െ ܴ௖ܴ ൰ ሺ15ሻ 
ܥ ൌ 0.51 െ 0.11 ൬ܤ݄௖൰ ሺ16ሻ 
where ܭ௧ is the transmission coefficient with a minimum value of 0 and a maximum value of 1. ܥ 
is the empirical coefficient, ܴ௖ is the crest freeboard, ܤ is the crest width, and ݄௖ is the height of 
the breakwater. For ܥ, the term ቀ஻௛೎ቁ has a maximum value of 0.86 due to the data set analyzed by 
Seelig (1980). 
van der Meer et al. (2005) focused on wave transmission at low-crested structures. The 
primary parameters describing wave transmission are identified in Table 2.6 and shown in Figure 
2.5. van der Meer et al. (2005) developed an empirical transmission coefficient equation for rough 
and permeable breakwaters: 
ܭ௧ ൌ െ0.4ܴ௖ܪ௜ ൅ 0.64 ൬
ܤ
ܪ௜൰
ି଴.ଷଵ
൫1 െ ݁ି଴.ହక೚೛൯ ሺ17ሻ 
with a minimum ܭ௧ = 0.075 and a maximum ܭ௧ = 0.8 [0.75, van der Meer and Daemen (1994)].  
van der Meer et al. (2005) developed an empirical transmission coefficient equation for 
smooth and impermeable sloped breakwaters: 
ܭ௧ ൌ ൤െ0.3ܴ௖ܪ௜ ൅ 0.75൫1 െ ݁
ି଴.ହక೚೛൯൨ cosଶଷ ߚ ሺ18ሻ 
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with a minimum ܭ௧ = 0.075 and a maximum ܭ௧ = 0.8, and limitations: 1 ൏ ߦ௢௣ ൏ 3; 0° ൏ ߚ ൏
70°; 1 ൏ ஻ு೔ ൏ 4. 
Table 2.6: Governing parameters of wave transmission (van der Meer et al., 2005). 
Wave Transmission Parameter Definitions 
ܪ௜ incident significant wave height, preferably ܪ௠଴௜, at the seaward toe of the structure 
ܪ௧ transmitted significant wave height, preferably ܪ௠଴௧ 
௣ܶ peak period 
ݏ௢௣ wave steepness, ݏ௢௣ ൌ ଶగு೔௚ ೛்మ  
ܴ௖ crest freeboard 
݄௖ structure height 
ܤ crest width 
ܦ௡ହ଴ nominal diameter of armour rock (rubble mound structure) 
ܭ௧ transmission coefficient ு೟ு೔ 
ߦ௢௣ breaker parameter ߦ௢௣ ൌ ୲ୟ୬ఈ൫௦೚೛൯బ.ఱ 
tan ߙ seaward slope of structure 
ߚ angle of incidence 
 
 
Figure 2.5: Governing parameters for wave transmission calculations. 
 
The Seelig (1980) experiments were conducted on regular waves and used mean wave 
height while van der Meer et al. (2005) considered random waves and used significant wave height. 
The equations proposed by van der Meer et al. (2005) have been used to predict wave transmission 
coefficients for engineering calculation (e.g. Chen et al. 2014). 
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 Teh (2013) developed empirical equations for wave transmission of free surface 
semicircular breakwaters (SCB). Sharma et al. (2016) concluded that wave attenuation units 
(WAUs) were effective at mitigating erosion in the northern Gulf of Mexico. Geometry based 
wave transmission calculations are used for the engineering and design of breakwaters as 
referenced in the USACE Coastal Engineering Manual (USACE, 2008). 
 Buccino and Calabrese (2007) developed a semi-empirical model to predict wave 
transmission of low-crested, detached breakwaters for a wide range of engineering conditions. 
CHE (2014) used the Buccino and Calabrese method for average wave conditions modeled at the 
PO-148 project site (Hs = 1.6 ft, Tp = 5 sec) to determine the baseline geometry that will reduce 
wave transmission by 50%. Results of this analysis are shown in Figure 2.6. 
 
Figure 2.6: Wave transmission as a function of crest width and water level for average wave 
conditions (CHE, 2014). 
 
 Several studies and publications discuss wave transmission of rubble mound breakwaters; 
however, there is little literature on wave transmission of oyster reef breakwaters such as the 
products constructed for PO-148. Webb and Allen (2015) conducted scaled laboratory experiments 
to measure wave transmission behind bagged oyster shell breakwaters, concrete wave transmission 
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frustums (WTF), and ReefBLK units. The results revealed strong correlations between wave 
transmission and simple, dimensionless parameters; however, existing methods for estimating 
wave transmission through rubble mound structures did not provide accurate estimates for these 
structures (Webb and Allen, 2015). Empirical equations to estimate wave transmission coefficients 
based on the laboratory experiments were not found in the literature. 
 CHE (2014) modeled wave transmission through the PO-148 structure alternatives using 
FLOW-3D, a computational fluid dynamics (CFD) software program. Figure 2.7 shows a series of 
CFD model frames displaying wave transmission for the OysterBreak and Reef Ball breakwaters 
(Carter et al., 2015). 
 
Figure 2.7: FLOW-3D computation of waves interacting with OysterBreaks (left) and Reef Balls 
(right) over one wave phase (Carter et al., 2015). 
 
Wave transmission results computed using the CFD model were plotted and compared to 
transmission coefficients computed by the Buccino and Calabrese (2007) method for a structure 
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with similar geometry but no porosity (i.e. transmission through the structure was not included in 
the empirical method; all transmission is the result of overtopping) (CHE, 2014). The results show 
that all structures used for PO-148 are more porous than a rubble mound structure. They were also 
compared to CIRIA’s (2007) rule of thumb for wave transmission of rubble mound structures. The 
results indicate that all PO-148 structures have higher transmission rates compared to the rule of 
thumb (CHE, 2014).  However, there are no field measurements nor reliable empirical equations 
for the prediction of wave transmission through oyster breakwater structures. The objective of this 
study is to fill this knowledge gap. 
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3. DATA COLLECTION 
3.1 EXPERIMENTAL DESIGN 
Wave attenuation of the oyster reef breakwaters constructed for the Living Shoreline 
Demonstration Project (PO-148) was investigated for this study. The breakwater structure types 
investigated include Oysterbreaks, WADs, and Reef Balls (Types 1 and 2). Seven wave gauges 
were deployed from 21 November 2017 to 14 February 2018 to measure the wave characteristics 
on the unprotected and protected sides of the structures. Two water surface elevation (WSEL) 
gauges were deployed from 21 September 2017 to 14 February 2018 to measure water levels at 
the study site. Topographic and bathymetric surveys were conducted on 12 – 13 December 2018 
and 15 January 2018 along cross-shore transects corresponding with the wave gauge locations. 
Table 3.1 provides a summary of the instruments used for data collection. Table 3.2 lists the 
instruments sampling settings. The instruments and deployments are described in further detail in 
sections 3.2.2 and 3.2.3. An overview of the study site with the wave gauge locations, WSEL 
gauge locations, survey transects, and PO-148 as-built structures is shown in Figure 3.1. 
Table 3.1: Data collection instruments summary. 
Gauge Instrument # of Units Output Parameters 
WSEL Gauge 
(001 & 002) 
YSI 600LS 
Level Sonde 2 Water Level 
Wave Gauge 
(501 – 507) 
Wave Gauge 
OSSI-010-003C 7 
Wave Height, Hm0 
Peak Wave Period, Tp 
Water Depth, h 
 
Table 3.2: Data collection instruments sampling settings. 
Gauge Instrument 
Sampling 
Interval 
(min) 
Sampling 
Duration 
(min) 
Sampling 
Frequency 
(Hz) 
Sampling 
Parameter
WSEL Gauge 
(001 - 002) 
YSI 600LS 
Level Sonde 15 - - 
Water 
Level (ft) 
Wave Gauge 
(501 – 507) 
Wave Gauge 
OSSI-010-003C 30 20 10 
Pressure 
(bar) 
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Figure 3.1: Study site overview depicting survey benchmarks, survey transects, gauges, and PO-148 as-built breakwater structures.
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3.2 INSTRUMENTATION AND METHODOLOGY 
3.2.1 Surveys 
 Survey data were collected using a Trimble R10 GNSS (Global Navigation Satellite 
System). This system includes a Trimble TSC3 controller and two Trimble R10 receivers. One 
R10 receiver is used for a base station and the other as a rover unit. This system is referred to as a 
RTK GPS (Real Time Kinematic Global Positioning System) unit. Equipment datasheets are 
located in Appendix A. All survey data were recorded using established control from CPRA 
secondary benchmarks PO148-SM-01 and PO148-SM-02. The established horizontal datum for 
the benchmarks is U.S. State Plane 1983, Louisiana South Zone (1702) North American Datum of 
1983 (NAD83), U.S. survey feet. The vertical datum is North American Vertical Datum of 1988 
(NAVD88) (Geoid 12A). Survey benchmark datasheets for PO148-SM-01 and PO148-SM-02 are 
located in Appendix B. 
The RTK base station was set up on the secondary benchmark PO148-SM-01 or PO148-
SM-02 and used to transmit real time corrections to the rover unit, where horizontal and vertical 
positions were established (see Figure 3.2 showing the base station setup). The rover unit was used 
to collect topographic point data. For quality assurance and quality control (QA/QC) purposes, the 
positions of the secondary benchmark and field data collected were verified by checking into the 
other CPRA secondary benchmark or the temporary benchmark (TBM), “TBM-03A”. 
Bathymetric survey data were collected using an Odom Hydrotrac single frequency echo-
sounder (datasheet located in Appendix A) interfaced with HYPACK hydrographic survey 
software in conjunction with the RTK GPS unit previously mentioned. HYPACK receives real-
time position data from the RTK GPS rover unit and digital water depth data from the echo-
sounder. HYPACK uses this data to establish real time tide corrections and computes centimeter 
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level positioning of each sounding. The software accounts for heave, pitch, and roll of the survey 
vessel and displays course corrections to help the surveyor navigate the predefined track lines. 
 
Figure 3.2: Setup of RTK GPS base station on secondary benchmark PO148-SM-01 on 14 
February 2018. 
 
The digital echo-sounder was calibrated for sound velocity, draft, and index corrections. 
This was accomplished utilizing the bar check method of lowering an acoustic target, with 
precisely measured marks, below the transducer to various depths. The sound velocity, draft, and 
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index were then adjusted so that the echo-sounder reads the precise depth of the acoustic target. 
The tide corrections of the onboard GPS system were checked by comparing top of water 
elevations to the real-time tide corrections in HYPACK. Bathymetric survey data was transferred 
from the onboard laptop computer to the office for processing. 
Topographic and bathymetric surveys were performed along five transects in line with the 
location of the wave gauges (see Figure 3.1 for transect locations). The survey transects and the 
wave gauge locations were chosen to align with as-built survey transects previously completed for 
the Living Shoreline Demonstration Project (PO-148). Each survey transect is 3000 feet in length. 
Topographic survey data was collected by a T. Baker Smith, LLC (TBS) survey crew from 13 to 
14 December 2017.  The crew accessed the site using a 24-foot survey vessel with dual outboards. 
Bathymetric survey data was collected on 15 January 2018 using a 24-foot survey vessel with dual 
outboards. All survey field notes are located in Appendix C. 
3.2.2 Water Surface Elevation (WSEL) Gauges 
 Two water surface elevation (WSEL) gauges were installed to collect water level data at 
the study site. Water levels were recorded using an YSI 600LS Water Level Sonde. The sonde has 
a differential strain gauge transducer to measure pressure. One side of the transducer is exposed to 
the water while the other side is vented to the atmosphere. The vent allows the transducer to 
measure only the pressure exerted by the water column. Atmospheric pressure is ignored and 
changes in atmospheric pressure do not affect the reading (YSI, 2012). The YSI 650 
Multiparameter Display System (650 MDS) was used to calibrate, program, and deploy the sondes 
for unattended sampling. The sondes were calibrated according to the YSI 6 Series User manual 
(YSI, 2012). They were programed for unattended recordings of temperature, specific 
conductivity, salinity, and depths at 15 minute intervals.  Figure 3.3 shows the YSI 600LS Water 
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Level Sonde and the YSI 650 MDS. The specification sheets for the YSI 600LS and the YSI 650 
MDS are located in Appendix A. 
 
Figure 3.3: YSI 600LS Water Level Sonde (left) and YSI 650 Multiparameter Display System 
(650 MDS) (right) (YSI, 2017). 
 
Several factors were considered when choosing the two WSEL gauge locations, i.e., 
avoiding areas of potential obstructions to boat traffic, protection from waves, adequate water 
level, and accessibility. A few potential locations were selected based on a desktop review of the 
study site using aerial photography, and the two final locations were selected in the field. Some 
potential locations were eliminated in the field due to shallow water depths. WSEL Gauge 001 
was installed in the pipeline canal near secondary benchmark PO148-SM-02. WSEL Gauge 002 
was installed on the protected side of the Reef Balls (Type 1) where an oil and gas well canal meets 
the northwest portion of Eloi Bay. The locations of the WSEL gauges are indicated in Figure 3.1. 
Table 3.3 lists the locations and elevations of the WSEL gauges. 
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Table 3.3: WSEL gauge locations and elevations. 
WSEL 
Gauge 
Northing 
(ft., La. State 
Plane, NAD83) 
Easting 
(ft., La. State 
Plane, NAD83) 
Top of Lock 
Box (ft., 
NAVD88) 
Sensor 
Elevation 
(ft., 
NAVD88) 
Mudline 
(ft., 
NAVD88) 
001 468737.00 3919756.11 4.72 -1.41 -3.7 
002 473080.36 3893714.93 4.88 -1.37 -3.2 
 
The water level sonde sits inside a fabricated aluminum housing. The housing consists of 
a vertical aluminum pipe that the sonde slides down and rests on the bottom. The pipe is open on 
one side at the bottom of the pipe to allow water to enter. The top of the pipe opens to a fabricated 
aluminum lock box where the excess field cable is stored. The aluminum housing was mounted to 
a 4 inch by 4 inch by 14 foot treated timber post. The timber post was manually hammered into 
the soil using a post driver. The sonde housing was then mounted to the post using stainless steel 
lag screws. The 4 inch by 4 inch post was additionally supported using two 2 inch by 2 inch 
timbers. A timber staff gauge was installed on the post and surveyed following CPRA standards 
(CPRA, 2016). 
The WSEL gauges were deployed on 21 September 2017. On 21 November 2017, the 
gauges were checked, maintained, surveyed, and an attempt was made to download the data. At 
WSEL Gauge 002, the sonde and 650 MDS failed to connect and there appeared to be water 
damage at the sonde and field cable connection. The sonde at that location was replaced with 
another sonde and field cable. At WSEL Gauge 001, a connection was made between the sonde 
and the 650 MDS. However, the 650 MDS froze during the upload process and was unable to 
complete the upload. This sonde was returned to the housing to continue field recording. No data 
was uploaded during the 21 November 2017 site visit. On 15 January 2018, the gauges were again 
checked, maintained, and surveyed. The data from each sonde was uploaded directly to a laptop 
computer using the EcoWatch Lite software. On 14 February 2018, the sondes were retrieved and 
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the sonde housings were removed from the 4 inch by 4 inch timbers. The timbers and the staff 
gauges were left in place for future reference. Upon return from the field, the data were uploaded 
from each sonde using EcoWatch Lite. Figure 3.4 shows WSEL 002 after installation. All field 
notes pertaining to the deployment, maintenance, data download, and retrieval of the WSEL 
gauges are located in Appendix C. 
 
 
Figure 3.4: WSEL Gauge 002 deployment on 21 September 2017. 
 
3.2.3 Wave Gauges 
 Seven submersible wave gauges were deployed to measure wave properties at the study 
site. In-situ wave properties were recorded using Ocean Sensor Systems, Inc. Wave Gauge OSSI-
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010-003C. The instrument is a tubular shape with a gauge pressure transducer located at the center 
of a circular cap on one side. The pressure transducer measures the total pressure, which is gauge 
pressure plus atmospheric pressure. The gauges were configured using the Ocean Sensor Systems 
Wave Gauge Interface software according to the OSSI-010-003 Wave Gauge User Manual (OSSI, 
2015). The instrument stores data in units of bars to a removable compact flash card. Measurement 
data can be downloaded from the compact flash card using the interface software. The wave gauges 
were programed to collect data in the burst sampling mode; sampling one burst for 20 minutes at 
30 minute intervals and at a 10 Hz sample rate. The wave gauges were secured in fabricated metal 
baseplates to allow for deployment on the water bottom with no movement or drift. Installation on 
the bay bottom allows the gauges to withstand high wave energy environments while recording 
water surface oscillations. Ropes were tied to the baseplates and a buoy attached on the tag end to 
allow for identification and recovery of the units. The gauge and baseplate housing are shown in 
Figure 3.5. The OSSI-010-003C datasheet is located in Appendix A. 
 
Figure 3.5: Fabricated baseplates (top left); assembled baseplate and OSSI-010-003C Wave 
Gauge (bottom left); wave gauge secured in baseplate housing (right) (Parker, 2014). 
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Several factors were considered when selecting the locations of the wave gauges. Ideally, 
a control gauge is proposed to measure wave characteristics at the study site that are not influenced 
by the breakwaters.  Due to the geomorphology of the PO-148 project shoreline and Eloi Bay, an 
acceptable location for a control site was not found. The bathymetry offshore of the structures in 
Eloi Bay differs greatly between the southwestern and northeastern extents of the study site. In 
addition, there is no satisfactory location along the project shoreline where a potential control 
gauge would not be impacted by wave reflection and diffraction caused by the breakwater 
structures. Due to the absence of a control site, the wave characteristics were measured on the 
unprotected and protected sides of the structures and consequently compared. The locations and 
orientations of the four different breakwater structures were also considered. Structures with 
similar orientations within the natural bights of the shoreline were chosen so waves propagate 
toward each structure type similarly. The locations of the wave gauges in relationship to the as-
built PO-148 breakwater structures are shown in Figure 3.6. 
The wave gauges were deployed and surveyed on 21 November 2017. The deployment 
duration was scheduled for one month; however, the meteorological conditions at the study site 
were also monitored to ensure that useful data would be collected. The criteria monitored included 
wind speeds above 15 knots and east to south wind directions (90 to 180 degrees). Meteorological 
data were acquired from NOAA station 8761305 Shell Beach, Louisiana (NOAA, 2018). The 
original one-month deployment was extended to over two and a half months to allow for at least 
four extended occurrences of the meteorological criteria. Figure 3.7 shows the instances where 
both criteria were met. 
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Figure 3.6: Wave gauge locations and PO-148 as-built structures. 
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Figure 3.7: NOAA Shell Beach meteorological data. Red circles indicate instances where 
meteorological criteria were met. 
 
All seven gauges were surveyed and recovered on 14 February 2018. The survey data indicated 
that none of the wave gauges shifted or moved horizontally. There was minimal vertical settlement 
on the gauges. Upon return from the field, the raw data were uploaded from the compact flash 
cards. During this procedure, it was discovered that wave gauge 506 malfunctioned and did not 
record any data. The other six wave gauges recorded data as expected. Table 3.4 lists each wave 
gauge’s location, identification, and elevation. Figure 3.8 shows the deployment of Wave Gauges 
505 and 502. Field notes from deployment and retrieval are located in Appendix C. 
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Table 3.4: Wave gauge locations and elevations. 
Wave 
Gauge Location 
Northing (ft., 
La. State Plane, 
NAD83) 
Easting (ft., La. 
State Plane, 
NAD83) 
Sensor 
Elevation (ft., 
NAVD88) 
Mudline 
Elevation (ft., 
NAVD88) 
501 OB - Near 466454.20 3891146.30 -1.47 -1.68 
502 WAD - Near 466794.42 3891651.98 -1.79 -2.00 
503 RB 2 - Near 469737.20 3892709.69 -2.24 -2.45 
504 RB 1 - Near 472087.53 3893383.84 -2.47 -2.68 
505 OB/WAD - Off 466015.34 3891812.77 -5.99 -6.20 
506 RB 2 - Off 469163.17 3893228.13 -6.36 -6.57 
507 RB 1 - Off 471586.82 3894206.85 -6.33 -6.54 
 
 
Figure 3.8: Deployment of Wave Gauge 505 (left) and Wave Gauge 502 (right) on 21 November 
2017 (photo credit: (left) Navid Jafari, (right) Thomas Everett). 
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4. DATA ANALYSIS 
4.1 METHODOLOGY 
4.1.1 Survey Data 
 Topographic survey data were downloaded from the controller into the Trimble Business 
Center software for processing. This software allows for QA/QC of GPS data including checks for 
instrument setup errors, antenna height errors, and other errors. Topographic data were exported 
from Trimble Business Center as digital point files and then imported into AutoCAD Civil 3D 
software for grouping, management and further QA/QC. Bathymetric survey data were processed 
using HYPACK’s Single Beam Editor. Single Beam Editor displays all sounding measurements 
graphically and provides a number of methods to edit the raw data. Sounding outliers were 
manually removed and the edited soundings were smoothed. The processed HYPACK files were 
exported as digital point files and imported into AutoCAD Civil 3D for grouping, management, 
and QA/QC. The topographic and bathymetric survey point data imported into AutoCAD Civil 3D 
were used to create profile drawings of the survey transects. 
4.1.2 Water Surface Elevation (WSEL) Data 
 Time series water level data were uploaded from each sonde using YSI’s EcoWatch Lite 
Software. Once uploaded, the file was then exported as a Microsoft Excel file using EcoWatch 
Lite. The time series data are referenced to Coordinated Universal Time (UTC). A QA/QC review 
of the data was performed, and the raw water level data were converted to water elevations in 
NAVD88. The raw data were converted to elevations by applying an adjustment based on the 
sensor elevation. The sensor elevation was calculated for each instrument by subtracting raw water 
levels recorded by the sonde from water surface elevations at specific time stamps. Water 
elevations were obtained from RTK GPS top of water shots along with reference nail shots and 
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hand measurements to the water surface. Several calculated sensor elevations were averaged to 
produce one sensor elevation for each instrument (included in Table 3.3). During site visits that 
included instrument maintenance and/or data upload, a water level was calculated from the top of 
water elevation surveyed at the gauge. This water level was recorded as a “clean” reading. A water 
level reading was also extracted from the sonde data set at the same time stamp of the field survey 
and recorded as a “dirty” reading. If the percent difference between the dirty and clean readings 
was greater than 5%, then a shift factor due to biofouling would be applied to the data. A shift 
factor was not needed for WSEL 001 or WSEL 002 data. 
Erroneous water level data were removed from the data set during periods of maintenance 
and data uploads when the sonde was out of the water. This occurred during 21 November 2017 
and 15 January 2018. A review of the data indicated that the water levels fell below the sensors of 
both sondes during periods of low tides in December 2017 and January 2018. All of these instances 
were removed from the data set. 
4.1.3 Wave Gauge Data 
 The wave gauge data were processed using MATLAB (matrix laboratory), a 
computational, coding, and programming software package. The software was used to process raw 
pressure data uploaded from the wave gauges into formats of water depth, significant wave height, 
and peak wave period. This was accomplished in two main steps: (1) conversion of raw pressure 
to water depths and (2) conversion of time series of water depths to significant wave height and 
peak wave period using OCEANLYZ, a MATLAB toolbox (Karimpour, 2015).  
Raw hydraulic pressure observations were transformed into water depths above the sensor 
using the equation: 
݄ ൌ ܲߩ݃ ሺ19ሻ 
38 
where ݄ is the water depth above the sensor (m), ܲ is pressure (Pa), ߩ is the density of water 
(kg/m3), and ݃ is the acceleration due to gravity (m/s2) . Water density ߩ ൌ 1015	݇݃/݉ଷ was 
selected for the study site based on salinity measurements recorded at WSEL 002 throughout the 
deployment. Atmospheric pressure readings, averaged from the first four bursts of data collected 
on 21 November 2017 prior to the submersion of the gauges, were used to correct the raw 
instrument readings. Time series atmospheric pressure measured at NOAA Station 8761305 Shell 
Beach, LA was used to correct the wave gauge pressure readings by accounting for changes in 
atmospheric pressure during the deployment (NOAA, 2018). 
Two methods can be used for short-term wave analysis: (1) time domain analysis using the 
zero-crossing method and (2) frequency domain analysis using spectral analysis method. These 
methods are described in further detail in the literature (Dean and Dalrymple, 1991; Holthuijsen, 
2007; Kamphuis, 2010; Karimpour and Chen, 2017). Spectral analysis was used for this study. 
This method uses a Fast Fourier Transform (FFT) to convert the water surface measurements from 
the time domain to the frequency domain. A wave energy spectrum is then calculated for each 
burst. Wave properties were calculated from the water surface elevation power spectral density 
(ܵఎఎ), which is estimated from the dynamic pressure power spectral density (ܵ௉௉) (Karimpour and 
Chen, 2017): 
ܵఎఎ ൌ 	 1ܭ௣ଶ 	ൈ 	
ܵ௉௉
ߩଶ݃ଶ ሺ20ሻ 
ܭ௣ሺ݂ሻ ൌ 	 cosh ݇݀௦cosh ݄݇ ሺ21ሻ 
where ܭ௣ is the dynamic pressure to the surface elevation conversion factor (pressure response 
factor), ݂ is the wave frequency, ݇ is the wave number, ݀௦ is the distance of the pressure sensor 
from the bed, and ݄ is the local water depth. The pressure response factor (ܭ௣) is used to correct 
39 
the attenuation of the dynamic pressure signal in the water column as depth increases. Accounting 
for pressure attenuation using this method can cause unrealistic amplification of shorter waves 
with large frequencies. To prevent this, a high-cutoff frequency ( ௠݂௔௫௣௖௢௥௥) is selected to limit the 
minimum value of ܭ௣ (Karimpour and Chen, 2017). For this study, a ௠݂௔௫௣௖௢௥௥ value of 0.60 was 
selected for the offshore gauges and 0.65 was selected for the nearshore gauges based on water 
depths. A wave energy density spectrum is shown in Figure 4.1. 
 
Figure 4.1: Wave energy density spetrum for a single burst (Wave Gauge 505, 8 January 2018, 
07:00 UTC). The peak (1) swell component and (2) sea component of the wind induced wave are 
identified. 
 
The zero-moment wave height (ܪ௠଴) is calculated: 
	ܪ௠଴ ൌ 4ඥ݉଴ ሺ22ሻ 
where ݉଴ is the zero-moment of the spectrum. The peak wave period ( ௣ܶ) is calculated: 
௣ܶ ൌ 	 1௣݂ ሺ23ሻ 
where ݂ ௣ is the peak wave frequency. The peak wave period was limited to 10 seconds to eliminate 
overestimation during calm, low wave energy days. 
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Significant wave height (ܪ௦) is defined as the mean of the top one-third of wave heights 
for a time period record, or in this case a twenty minute burst. ܪ௦ is calculated from the time 
domain analysis using the zero-crossing method. In deep water, ܪ௦ is close to ܪ௠଴. Since the wave 
gauges located behind the oyster breakwaters for this study are in shallow water, ܪ௦ was calculated 
using the zero-crossing method and compared to ܪ௠଴. 
Data analysis revealed that water depth values for wave gauges 501 and 507 were observed 
to have some drift. This drift refers to an offset error in the raw sampling data from its original 
calibration. This may be caused by physical changes to the sensor’s components or biofouling. To 
adjust for this drift, gauge 501 water depths were adjusted using an offset value of -0.310 feet. 
This value was calculated by taking the mean of the time series differences between water levels 
at gauges 502 and 501. The standard deviation of the differences in water levels between 502 and 
501 is 0.149 feet. Gauge 507 water depths were adjusted using an offset value of +0.219 feet. This 
value was calculated by taking the mean of the time series differences between water levels at 
gauges 505 and 507. The standard deviation of the differences in water levels between 505 and 
507 is 0.029 feet. The mean differences of water levels was taken from the beginning of the 
deployment through 31 December 2017. The differences caused by adjusting the mean water levels 
for gauges 501 and 507 were analyzed. The adjustment has very minor implications on the 
calculation of the wave heights. 
4.1.4 Wave Transmission 
The relationships between incident significant wave heights (ܪ௜) and transmitted 
significant wave heights (ܪ௧) at each structure were compared by plotting the variables using a 
linear regression analysis (ܪ௠଴ offshore vs. ܪ௠଴ nearshore). The wave heights were grouped into 
five water level (WL) elevation ranges (ft., NAVD88): WL less than -0.5 ft., WL greater than or 
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equal to -0.5 ft. and less than 0.5 ft., WL greater than or equal to 0.5 ft. and less than 1.0 ft., and 
WL greater than or equal to 1.5 ft.  
Wave transmission at each structure was evaluated by plotting the wave transmission 
coefficient (ܭ௧) vs. the relative freeboard (ோ೎ு೔). When the entire data set was plotted, ܭ௧ was 
inconsistent and scattered when ܪ௜ was less than 0.4 feet. All incident wave heights (ܪ௜) less than 
0.4 feet were subsequently removed and the plots were reproduced. 
4.2 RESULTS 
4.2.1 Survey Data 
Land and hydrographic surveys were conducted along Transects 1 – 5 that correspond to 
the wave gauge locations. The surveys recorded the as-is elevations and dimensions of the 
structures along with the topographic and bathymetric features of each cross-shore transect at the 
time of the study. Table 4.1 shows the surveyed crest elevation and dimensions for each structure 
type. Figure 4.2 shows the survey transect cross sections and the locations of the wave gauges. 
Photographs of the breakwater structures (Figure 4.3) were taken during the 15 January 2018 field 
survey. Low water levels that day allowed for more of the structures to be exposed. The 
OysterBreak structure consists of rows of units that are stacked two units high. There are three 
rows of units at the base and two rows of units at the crest. The WAD and Reef Ball Type 2 
structures consist of two rows of units parallel to the shoreline. The Reef Ball Type 1 structure has 
three rows of units. 
Table 4.1: Breakwater structures surveyed elevations and widths. 
Structure Survey Transect 
PO-148 Baseline 
Station 
Crest Elevation 
(ft., NAVD88) 
Crest Width 
(ft.) 
Base 
Width (ft.)
OysterBreak 1 56+00 1.05 8.49 13.84 
WAD 2 62+00 1.93 13.41 17.20 
Reef Ball Type 2 3 106+00 1.78 7.11 9.82 
Reef Ball Type 1 4 137+00 1.20 12.27 15.59 
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Figure 4.2: Survey transect cross sections. 
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Figure 4.3: OysterBreak (top left), WAD (top right), Reef Ball Type 2 (bottom left), Reef Ball 
Type 1 (bottom right). Photos taken 15 January 2018. 
 
4.2.2 Water Surface Elevation (WSEL) Data 
 The adjusted water surface elevation data were compared to nearby Coastwide Reference 
Monitoring System (CRMS) sites 0147, 1024, 1069, and 4557 (CPRA, 2018). CRMS site locations 
are shown in Figure 4.4. Table 4.2 lists the CRMS sites location and elevation information. 
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Figure 4.4: CRMS site locations. 
 
Table 4.2: CRMS site locations and elevation summary. 
CRMS 
Site 
Northing (ft., 
La. State Plane, 
NAD83) 
Easting (ft., La. 
State Plane, 
NAD83) 
Sensor 
Elevation (ft., 
NAVD88) 
Top of 4x4 
Post (ft., 
NAVD88) 
Nail 
Elevation (ft., 
NAVD88) 
0147 428002.52 3829822.58 -1.75 5.94 3.66 
1024 505272.96 3900312.77 -2.01 7.01 2.67 
1069 568363.95 3948984.76 -1.21 6.74 2.33 
4557 485819.61 3838960.52 -0.51 7.25 3.78 
 
The water elevation data from both WSEL 001 and WSEL 002 matched favorably with CRMS 
sites 0147, 4557, and 1069 (see Figure 4.5 for water level comparison). CRMS 1024 matched 
favorably with WSEL 001 and WSEL 002 on some days and other days resulted in 1.0 feet water 
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level difference. This difference may be due to the specific topographic and hydrodynamic 
conditions or sensor issues at CRMRS 1024. On the morning of 8 October 2017, Hurricane Nate, 
a Category 1 hurricane, tracked approximately eighteen miles east of the project area causing 
significant storm surge. Peak water surface elevations associated with Hurricane Nate are listed in 
Table 4.3 for WSEL 001 and the investigated CRMS sites. Water levels fell below the WSEL 001 
sensor elevation on 30 December 2017, 1, 3, 4, 12-19, 30, and 31 January 2018 during periods of 
low tide. Water levels fell below WSEL 002 sensor elevation on 9, 12, and 30 December 2017, 1, 
3, 4, 12-17, 19, 30, and 31 January 2018 during periods of low tide. 
 
Figure 4.5: WSEL comparison between WSEL 001, WSEL 002, CRMS 1024, CRMS 0147, 
CRMS 4557, and CRMS 1069. 
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Table 4.3: Hurricane Nate peak storm surge. 
Gauge WSEL (ft., NAVD88) Date Time (UTC) 
WSEL 001 4.75 10/08/2017 2:00 
CRMS 0147 5.08 10/08/2017 3:00 
CRMS 1024 6.76 10/08/2017 3:00 
CRMS 1069 6.32 10/08/2017 3:00 
CRMS 4557 5.13 10/08/2017 4:00 
 
4.2.3 Wave Gauge Data 
The wave gauge data were analyzed in the frequency domain using the spectral analysis 
method. Results of the data analysis, including the time series of water depths, wave heights (ܪ௠଴) 
and peak wave periods ( ௣ܶ), are shown in Figures 4.6 – 4.11. 
 
Figure 4.6: Wave Gauge 501 water depth, wave height (Hm0), and peak wave period (Tp). 
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Figure 4.7: Wave Gauge 502 water depth, wave height (Hm0), and peak wave period (Tp). 
 
 
Figure 4.8: Wave Gauge 503 water depth, wave height (Hm0), and peak wave period (Tp). 
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Figure 4.9: Wave Gauge 504 water depth, wave height (Hm0), and peak wave period (Tp). 
 
 
Figure 4.10: Wave Gauge 505 water depth, wave height (Hm0), and peak wave period (Tp). 
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Figure 4.11: Wave Gauge 507 water depth, wave height (Hm0), and peak wave period (Tp). 
 
The largest wave heights correspond to periods of high winds; especially prolonged south 
to southeast winds, i.e., 8 January 2018 and 28 January 2018. The maximum ܪ௠଴ recorded for the 
offshore gauges is 1.50 feet at Wave Gauge 505 on 28 January 2018. The maximum ܪ௠଴ recorded 
for the nearshore gauges is 1.04 feet at Wave Gauge 501 on 28 January 2018. The average ܪ௠଴ 
for the offshore gauges is 0.33 feet and the average ܪ௠଴ for the nearshore gauges is 0.11 feet. The 
wave gauge data statistics are listed in Table 4.4. Note that the peak wave period statistics listed 
in Table 4.4 are of locally generated wind waves. The swell wave energy is small in comparison 
to local wind waves during cold front passages. This is evident in the wave energy density 
spectrums (example Figure 4.1) where the sea component of the wind wave dominates the energy 
spectrum. 
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Table 4.4: Wave gauge data statistics. 
Wave 
Gauge 
Min 
Water 
Depth 
(ft.) 
Max 
Water 
Depth 
(ft.) 
Mean 
Water 
Depth 
(ft.) 
Min 
Hm0 
(ft.) 
Max 
Hm0 
(ft.) 
Mean 
Hm0 
(ft.) 
Min 
Tp 
(sec) 
Max 
Tp 
(sec) 
Mean 
Tp 
(sec) 
501 0.09 3.38 1.57 0.00 1.04 0.11 1.54 3.87 2.25 
502 0.03 3.75 1.78 0.00 0.76 0.12 1.44 3.92 2.29 
503 0.19 4.25 2.27 0.01 0.93 0.12 1.39 3.98 2.05 
504 0.25 4.53 2.45 0.01 0.82 0.09 1.39 3.62 2.00 
505 3.80 7.97 5.92 0.03 1.50 0.35 1.29 3.91 2.02 
507 3.75 8.35 6.26 0.02 1.44 0.30 1.25 3.59 1.83 
 
Wave heights were also analyzed in the time domain using the upward zero-crossing 
method and compared to the spectral analysis results. Figures 4.12 – 4.17 show the comparison of 
wave heights using the spectral analysis (ܪ௠଴) and zero-crossing method (ܪ௦). The results show 
that ܪ௠଴ is typically larger than ܪ௦ which is consistent with the literature (e.g. Thompson and 
Vincent, 1985). The best fit line that passes through the origin of the linear regression (y = ax) is 
shown for the data. The average “a” is 0.9186 for the nearshore gauges and 0.9344 for the offshore 
gauges. 
 
Figure 4.12: Wave heights comparison between spectral analysis (Hm0) and zero-crossing 
method (Hs) for wave gauge 501. 
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Figure 4.13: Wave heights comparison between spectral analysis (Hm0) and zero-crossing 
method (Hs) for wave gauge 502. 
 
 
Figure 4.14: Wave heights comparison between spectral analysis (Hm0) and zero-crossing 
method (Hs) for wave gauge 503. 
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Figure 4.15: Wave heights comparison between spectral analysis (Hm0) and zero-crossing 
method (Hs) for wave gauge 504. 
 
 
Figure 4.16: Wave heights comparison between spectral analysis (Hm0) and zero-crossing 
method (Hs) for wave gauge 505. 
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Figure 4.17: Wave heights comparison between spectral analysis (Hm0) and zero-crossing 
method (Hs) for wave gauge 507. 
 
4.2.4 Wave Transmission 
The relationships between incident significant wave heights (ܪ௜) and transmitted 
significant wave heights (ܪ௧) at each structure are shown in Figures 4.18 – 4.21. The wave heights 
are grouped into five water level (WL) elevation ranges (ft., NAVD88), i.e., WL less than -0.5 ft., 
WL greater than or equal to -0.5 ft. and less than 0.5 ft., WL greater than or equal to 0.5 ft. and 
less than 1.0 ft., and WL greater than or equal to 1.5 ft. The best fit line that passes through the 
origin of the linear regression analysis (y = ax) is shown for each group. The results show that 
wave heights on the protected side of the structures are a function of water levels and the incident 
wave heights. ܪ௠଴ data at Wave Gauge 506 were estimated by calculating the mean between Wave 
Gauges 505 and 507. 
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Figure 4.18: OysterBreak incident significant wave heights (505) and transmitted significant 
wave heights (501) comparison grouped by water level elevations (ft., NAVD88). 
 
 
Figure 4.19: WAD incident significant wave heights (505) and transmitted significant wave 
heights (502) comparison grouped by water level elevations (ft., NAVD88). 
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Figure 4.20: Reef Ball Type 2 incident significant wave heights (506) and transmitted significant 
wave heights (503) comparison grouped by water level elevations (ft., NAVD88). 
 
 
Figure 4.21: Reef Ball Type 1 incident significant wave heights (507) and transmitted significant 
wave heights (504) comparison grouped by water level elevations (ft., NAVD88). 
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Wave transmission was evaluated by plotting ܭ௧ vs. ோ೎ு೔ for each structure type. Small waves 
were removed from the data set by omitting all incident wave heights (ܪ௜) less than 0.4 feet. These 
graphs are shown in Figure 4.22. Although the graphs indicate more of a trend in the data after the 
small incident wave heights were removed, the results are still scattered. This scattering of the data 
may be caused by effects of wave direction, structure width, and wave period. 
As an application of the transmission relationships obtained from the field data, the 
transmission coefficient (ܭ௧) is found for each structure type by observing the data at fixed water 
levels and a fixed incident wave height (ܪ௜) of 1.0 feet. For example, to find the ܭ௧ range for the 
OysterBreak structure at water level -0.5 feet, ܴ௖ and ோ೎ு೔  is calculated: 
ܴ௖ ൌ 	݄௖ െܹܮ ሺ24ሻ 
ܴ௖ ൌ 	1.05 െ ሺെ0.5ሻ ൌ 1.55	݂݁݁ݐ ሺ25ሻ 
ܴ௖
ܪ௜ ൌ 	
1.55
1.0 ൌ 1.55	݂݁݁ݐ ሺ26ሻ 
The ܭ௧ range is determined visually from Figure 4.22 using the calculated ோ೎ு೔ value. The ܭ௧ range 
for the OysterBreak structure at water level -0.5 feet and with a ܪ௜ of 1.0 feet is 0.14 to 0.30. The 
ܭ௧ ranges for all structure types are listed in Table 4.5. It is observed that the Reef Ball Type 1 
structure has the lowest ܭ௧ range of the four structures under the given conditions. Note that this 
may not be the case as the water level increases because the crest elevation of this structure type 
is relatively low. The wave transmission coefficient depends on the structure type and 
configuration as well as the water level. 
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Figure 4.22: Influence of the relative freeboard (Rc/Hi) on the wave transmission coefficient (Kt) 
for OysterBreak (top left), WAD (top right), Reef Ball Type 2 (bottom left), and Reef Ball Type 
1 (bottom right). 
 
Table 4.5: Comparison of Kt values by structrue type and water level at Hi = 1.0 feet. 
Structure Water Level (ft., NAVD88) Rc/Hi Kt Range 
OysterBreak -0.5 1.55 0.14 – 0.30 1.0 0.05 0.37 – 0.60 
WAD -0.5 2.43 0.16 – 0.56 1.0 0.93 0.22 – 0.60 
Reef Ball Type 2 -0.5 2.28 0.15 – 0.60 1.0 0.78 0.22 – 0.62 
Reef Ball Type 1 -0.5 1.70 0.11 – 0.34 1.0 0.20 0.15 – 0.45 
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5. DISCUSSION 
5.1 DISCUSSION ON THE EFFECT OF SENSOR DEPTH 
The offshore and nearshore wave gauges were planned for deployment at the -6.0 foot and 
-2.0 foot contour, respectively. These locations were determined from a survey performed prior to 
the construction of the Living Shoreline Demonstration Project (PO-148). The wave gauge 
elevations deviated slightly from the proposed elevations. This is especially evident for the 
nearshore gauges located on the protected side of the structures where construction activities and 
geomorphic shoreline changes due to the structures may have occurred. A wave shoaling analysis 
was conducted to determine the influence of the differences in water depths to the wave heights. 
Wave Gauge 505 was selected as the reference offshore gauge and Wave Gauge 503 was selected 
as the reference nearshore gauge. Assuming wave direction was normal to the contours, the wave 
shoaling analysis was conducted for 8 January 2018 at 07:00 UTC due to the large wave height 
recorded during this burst. Table 5.1 lists the results of the wave shoaling analysis. Wave heights 
for gauges 505, 507, 503, 501, 502, and 504 are recorded wave heights. 507_shoal, 501_shoal, 
502_shoal, and 504_shoal designate new wave heights calculated from the shoaling analysis using 
the water depth at the reference gauge. 
Table 5.1: Wave shoaling analysis results. 
Wave 
Gauge 
Water 
Depth (ft.) 
Peak Wave 
Period, Tp (sec.) 
Wave Height, 
Hm0 (ft.) 
Deviation from Reference 
Wave Height (ft.) 
505 7.07 2.89 1.34  
507 7.34 2.52 1.07  
507_shoal   1.07 0.0033 
503 3.49 2.76 0.73  
501 2.93 2.95 0.70  
501_shoal   0.68 0.0157 
502 2.97 2.96 0.49  
502_shoal   0.48 0.0102 
504 3.69 2.87 0.50  
504_shoal   0.50 -0.0030 
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The shoaling analysis shows that the differences in wave gauge depths have a negligible 
effect on the wave heights. In other words, the slight differences in the wave depths of grouped 
wave gauges do not affect the wave transmission analysis and comparison. 
5.2 DISCUSSION ON WAVE TRANSMISSION 
The wave transmission coefficient (ܭ௧) data results are scattered, as illustrated in Figure 
4.22. The ܭ௧ data were more scattered prior to the removal of all incident wave heights (ܪ௜) less 
than 0.4 feet. This scattering of the data may be caused by several factors, specifically effects of 
wave direction, structure width, and wave period. Wave direction was not measured for this study, 
but Equation (18) suggests that normal incident waves lead to larger ܭ௧ and the greater the oblique 
incident angle results in a smaller ܭ௧ value. Future studies may consider measuring flow direction 
by using an acoustic Doppler current profiler (ADCP). Structure width also affects wave 
transmission. The width of each structure varies in the horizontal and vertical directions. Improved 
ܭ௧ data with better ݎଶ values may be obtained by focusing on stricter criteria, such as a singular 
cold front that produces high south winds. 
The Living Shoreline Demonstration Project Coastal Engineering and Alternatives 
Analysis (CHE, 2014) analyzed wave transmission using nine simulated CFD model cases. The 
model cases include three different incident wave heights (0.6 feet, 1.6 feet, and 2.5 feet) at three 
different water levels (3.2 feet, 4 feet, and 4.72 feet, which is the MLLW, MSL, and MHHW, 
respectively). The wave parameters and water levels for each model case is listed in Table 5.2. The 
transmission coefficient results for each model run is listed in Table 5.3. The range of transmission 
coefficients from CHE is compared to that of the observed data collected for this study. The 
transmission coefficients from the three model runs with an incident wave height of 2.5 feet (cases 
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7 – 9) were omitted for this comparison because the highest incident wave height recorded during 
this study is 1.50 feet. 
Table 5.2: Wave parameters and water levels for each CFD model case (modified from CHE, 
2014). 
Case Hs (ft.) Tp (sec) Water Depth (ft.) Tide Level 
1 0.6 2 3.2 MLLW 
2 0.6 2 4 MSL 
3 0.6 2 4.72 MHHW 
4 1.6 5 3.2 MLLW 
5 1.6 5 4 MSL 
6 1.6 5 4.72 MHHW 
7 2.5 6 3.2 MLLW 
8 2.5 6 4 MSL 
9 2.5 6 4.72 MHHW 
 
Table 5.3: Transmission coefficients computed by CFD model (modified from CHE, 2014). 
Case Rubble Mound OysterBreak Reef Ball WAD 
1 0.00 0.00 0.50 0.26 
2 0.27 0.00 0.59 0.45 
3 0.43 0.60 0.61 0.53 
4 0.36 0.21 0.55 0.32 
5 0.39 0.52 0.57 0.46 
6 0.42 0.70 0.87 0.80 
7 0.31 0.24 0.58 0.35 
8 0.37 0.53 0.80 0.51 
9 0.47 0.51 0.76 0.58 
 
 The ܭ௧ values calculated for the OysterBreak structure at ܪ௜ = 1.0 feet and water levels at 
-0.5 feet and 1.0 feet range from 0.14 – 0.60 (Table 4.5). This range falls within the ܭ௧ range from 
CHE’s CFD model. The ܭ௧ values calculated for the WAD structure range from 0.16 – 0.60. Some 
of these values fall below the CFD model ܭ௧ range for WADs of 0.26 – 0.80. The ܭ௧ values 
calculated for the Reef Ball Type 1 and Reef Ball Type 2 structures range from 0.11 – 0.62. Some 
of these values fall below the CFD model ܭ௧ range for Reef Balls of 0.50 – 0.87. However, this 
evaluation only compares the transmission coefficients calculated with water levels at -0.5 feet 
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and 1.0 feet and an incident wave height of 1.0 feet to the CFD model with the water level and 
wave parameters listed in Table 5.2. Along with the differences in water levels and incident wave 
heights, other differences in the comparison include wave period and the locations where the 
incident and transmitted wave heights are measured/simulated. The CFD model simulations can 
be re-run using the field measurements to validate the model. A calibrated CFD model will be 
capable of converging the ܭ௧ range to within a smaller window for a variety of hydrodynamic 
conditions, which will facilitate the design of these structures for wave attenuation. 
5.3 DISCUSSION ON THE LOUISIANA COASTAL MASTER PLAN 
Louisiana’s Comprehensive Master Plan for a Sustainable Coast estimates that 2,254 
square miles of land loss will occur over the next 50 years under the medium environmental 
scenario if no action is taken (CPRA, 2017). A significant proportion of this land loss is caused by 
wind wave attack on marsh boundaries. This process produces a positive feedback cycle by 
increasing the fetch and depth of coastal lakes, estuaries, and bays. 
Artificial or bioengineered oyster reef projects, in which reefs are created using shell or 
engineered products to provide substrate for oyster recruitment, are nature-based infrastructure and 
hence are an important restoration technique (McMann et al., 2017). The primary goal of these 
projects is coastal restoration, rather than management or enhancement of the oyster fishery. 
However, in areas suitable for oyster recruitment and growth, these reefs can provide a number of 
ecosystem services in addition to shoreline protection. 
The master plan (Alymov et al., 2017) measures the effectiveness of shoreline protection 
projects by calculating the marsh edge erosion rate (ܯܧܧ௡௘௪) as reduced by the project: 
ܯܧܧ௡௘௪ ൌ 		 ൭൫ܯܧܧ௢௥௜௚௜௡௔௟൯ ൬ܣ௣௥௢௝௘௖௧ܣ௧௢௧௔௟ ൰ ሺܨ௥ሻ൱ ൅	൭1 െ	൬
ܣ௣௥௢௝௘௖௧
ܣ௧௢௧௔௟ ൰ ൫ܯܧܧ௢௥௜௚௜௡௔௟൯൱ ሺ27ሻ 
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where ܣ௣௥௢௝௘௖௧ = project edge area = shoreline protection project length * assumed marsh edge 
width of one 30 meter land/water pixel in morphology subroutine, ܣ௧௢௧௔௟ = total marsh edge area, 
ܨ௥ = project reduction factor = wave (erosion) attenuation rate/100%. ܯܧܧ௢௥௜௚௜௡௔௟ can be found 
by estimating the marsh retreat rate at the shoreline. The linear relationships between retreat rate 
and wave power, that is the wave energy flux density, were analyzed in the master plan to calculate 
marsh retreat rate based on wave power (Allison et al., 2017). The results from this study can be 
used to determine the project reduction factor (ܨ௥). ܨ௥ can then be used to calculate the reduction 
of marsh edge erosion for the Living Shoreline Demonstration Project (PO-148) and other 
restoration projects in coastal Louisiana. 
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6. CONCLUSIONS 
A successful field study was conducted as a part of this research. Accurate survey data, 
water surface elevation data, and wave data were collected at the study site between September 
2017 and February 2018. This data provide a better understanding of typical conditions at the site. 
Water level data were also collected during an extreme event when the eye of Hurricane Nate 
passed approximately 18 miles east of the project site on 8 October 2017. 
There were some challenges experienced and lessons learned while conducting the field 
study. A water level sonde incurred water damage at WSEL Gauge 002 causing data to be lost. 
Wave Gauge 506 malfunctioned and data were not recoded. It was anticipated that wave data 
collection would occur for one month; however, the deployment time was extended to almost three 
months to ensure larger waves were recorded. Additional data processing was needed to correct 
for small data drift found at Wave Gauges 501 and 507 because of the deployment duration 
extension. It is recommended that the deployment of wave gauges for similar studies occur during 
the months of January through April when seasonal fronts produce high east to south winds, and 
thus larger waves at the study site. 
Wave transmission through the types of oyster reef breakwaters investigated in this study 
is complex owing to variations in porosity, structure width, and crest elevations. Wave 
transmission strongly depends on water level and structure type. A constant wave transmission 
coefficient for a given type of structure was not found. This study provides a unique dataset that 
can be used to calibrate and validate numerical models for wave transmission though different 
types of constructed oyster reef breakwaters. Such models can then be used to predict the 
performances of each structure type under a large range of incident wave conditions, which is 
critical for the design of effective oyster reef breakwaters.  
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YSI 600LS Level Sonde
Precise level measurement
The YSI 600LS compact sonde measures level, ﬂow, temperature, and conductivity. 
The 600LS will seamlessly integrate with the YSI 650MDS, laptop, or data collection 
platform.
•  Sonde ﬁts down 2-inch wells
•  Easily connects to data collection platforms such as the YSI 
6200 DAS
•  Detachable cable lengths
•  Compatible with the YSI 650 Multiparameter Display System
•  Temperature/conductivity/vented level
•  Optional battery compartment for unattended, internal logging
Ideal for use with the YSI 6200 DAS, connecting via SDI-12 for remote and real-
time data acquisition applications. Rugged waterproof, the YSI 600LS is perfect for 
tide gauge monitoring, wetlands level applications, groundwater, estuaries, rivers, 
and more.
Features
The YSI 600LS is an economical logging system for long-term, in situ  
monitoring. It logs at programmable intervals and stores 150,000 readings. The 
600LS has extreme level accuracy of ±0.01 feet (0.003 m) from 0 to 30 foot depths. 
With the 600LS, tide gauge measurements have 
never been so easy!
Pure
Data for a
Healthy
Planet.®
www.ysi.com
Precise Level Measurement 
in a Compact Sonde
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To order, or for more 
information, contact              
YSI Environmental.
+1 937 767 7241 
800 897 4151 (US)
www.ysi.com
YSI Environmental
+1 937 767 7241
Fax +1 937 767 9353
environmental@ysi.com
Endeco/YSI
+1 508 748 0366
Fax +1 508 748 2543
systems@ysi.com
SonTek/YSI
+1 858 546 8327
Fax +1 858 546 8150
inquiry@sontek.com
YSI Gulf Coast
+1 225 753 2650
Fax +1 225 753 8669
environmental@ysi.com
YSI Hydrodata (UK)
+44 1462 673 581
Fax +44 1462 673 582
europe@ysi.com
YSI Middle East (Bahrain)
+973 1753 6222
Fax +973 1753 6333
halsalem@ysi.com
YSI (Hong Kong) Limited
+852 2891 8154
Fax +852 2834 0034
hongkong@ysi.com
YSI (China) Limited
+86 10 5203 9675
Fax +86 10 5203 9679
beijing@ysi-china.com
YSI Nanotech (Japan)
+81 44 222 0009
Fax +81 44 221 1102
nanotech@ysi.com
EcoWatch, Pure Data for a Healthy 
Planet and Who’s Minding the Planet? 
are registered trademarks of YSI 
Incorporated. 
©2006 YSI Incorporated
     Printed in USA 1206 E22-01
Y S I  i n c o r p o r a t e d  
          Who’s Minding  
                     the Planet?®
  
YSI 600LS Sensor Speciﬁcations
Range Resolution Accuracy
Conductivity• 0 to 100 mS/cm 0.001 to 0.1 mS/cm 
(range dependent)
±0.5% of reading + 0.001 mS/cm
Salinity 0 to 70 ppt 0.01 ppt ±1% of reading or 0.1 ppt, whichever is greater
Temperature -5 to +50°C 0.01°C ±0.15°C 
Shallow Vented Level 0 to 30 ft, 9.1 m 0.001 ft, 0.001 m ±0.01 ft, 0.003 m
•  Report outputs of speciﬁc conductance (conductivity corrected to 25° C), resistivity, and total dissolved solids are 
also provided. These values are automatically calculated from conductivity according to algorithms found in Standard 
Methods for the Examination of Water and Wastewater (ed 1989).
  
 YSI 600LS Sonde Speciﬁcations
Medium Fresh, sea or polluted water Software EcoWatch®
Temperature -5 to +50°C Dimensions          Diameter
Length (no batteries)
Weight
1.65 in, 4.2 cm
15 in, 38 cm
1.10 lbs, 0.5 kg
Communications RS-232, SDI-12 Power (optional) 4 AA-size alkaline batteries,  or 
external 12 V DC
ISO 9001
ISO 14001
Yellow Springs, Ohio Facility
  
Ordering Information
600LS-10 Temperature, Shallow vented level
600LS-11 Temperature, Shallow vented level, Battery option
600LS-12 Temperature, Conductivity, Shallow vented level
600LS-13 Temperature, Conductivity, Shallow vented level, Battery option
Cables
6195 10 ft vented detachable cable
6191 25 ft vented detachable cable
6192 50 ft vented detachable cable (Shallow vented level maximum depth is 30 feet.)
About Conductivity
The YSI 600LS is available with conductivity and without conductivity. In order to achieve the most accurate 
level measurements, it is highly recommended you use the 600LS-12 or 600LS-13 with conductivity if your 
application will require deployments in saline environments. Tidal, estuarine, salt water intrusion in ground-
water, and freshwater/saltwater mixing zone studies are typical examples where a higher conductivity reading 
would require the conductivity sensor to achieve the most accurate, reliable level measurements. 
As with all YSI products, there are several accessories available, from calibration solution to carrying cases, 
to keep your equipment protected and operating well. Please visit www.ysi.com or call 800-897-4151 for 
more information.
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YSI 650 Multiparameter Display System
Rugged and Reliable Display and Data Logging System
Easily log real-time data, calibrate YSI 6-Series sondes, set up sondes for deployment, 
and upload data to a PC with the feature-packed YSI 650MDS (Multiparameter 
Display System). Designed for reliable field use, this versatile display and data logger 
features a waterproof IP-67, impact-resistant case.
•  Compatible with EcoWatch® for Windows® data analysis software
•  User-upgradable software from YSI’s website
•  Menu-driven, easy-to-use interface
•  Multiple language capabilities
•  Graphing feature
•  Three-year warranty
Feature-Packed Performance
Battery Life
With the standard alkaline battery configuration of 4 C-cells, the YSI 650 will power 
itself and a YSI 6600 sonde continuously for approximately 30 hours. Or, choose the 
rechargeable battery pack option with quick-charge feature.
Optional Barometer
Temperature-compensated barometer readings are displayed and can be used in 
dissolved oxygen calibration. Measurements can be logged to memory for tracking 
changes in barometric pressure.
Optional GPS Interface
Designed to NMEA protocol, the YSI 650 MDS will display and log real-time GPS 
readings with a user supplied GPS interfaced with YSI 6-Series sondes.
Memory Options
Standard memory with 150 data sets, or a high-memory option (1.5 MB) with more 
than 50,000 data sets; both options with time and date stamp.
The YSI 650 Multiparameter Display System
Pure
Data for a
Healthy
Planet.®
www.ysi.com
A powerful logging 
display for your data 
collection processes
The 650MDS can be 
used with YSI sondes 
for spot sampling as 
well as short-term data 
logging.
Supply a GPS with 
NMEA 0183 protocol, 
connect with the YSI 
6115 kit, and collect 
GPS data along with 
water quality data.
Upload data from the 
650 to EcoWatch®  for 
instant data viewing.
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                    the Planet?®
ISO 9001
ISO 14001
Yellow Springs, Ohio Facility
  
YSI 650MDS Specifications
Temperature                Operating
Storage
-10 to +60°C for visible display
-20 to +70°C 
Waterproof Rating IP-67 for both the standard alkaline battery configuration and for the rechargeable battery pack 
option
Connector MS-8; meets IP-67 specification
Dimensions                       Width
Length
Weight with batteries
4.7 in, 11.9 cm
9 in, 22.9 cm
2.1 lbs, 0.91 kg
Display VGA; LCD with 320 by 240 pixels with backlight
Power                           Standard
Optional
4 alkaline C-cells with detachable battery cover
 Ni metal hydride battery pack with attached battery cover and 110/220 volt charging system
Communications RS-232 to all sondes, for data transfer to PC, and for software updates 
Optional GPS NMEA 0183; requires user-supplied GPS and YSI 6115 Y-cable
Backlight 4 LEDs illuminating LCD; user-selectable
Keypad 20 keys, including instrument on/off, backlight on/off, enter, esc, 10 number/letter entry keys,  
2 vertical arrow keys, 2 horizontal arrow keys, period key, and minus key
Warranty 3 years
  
Ordering Information
650-01 Instrument, standard memory
650-02 Instrument, high memory
650-03 Instrument, standard memory, barometer
650-04 Instrument, high memory, barometer
6113 Rechargeable battery pack kit with 110 volt charger and adapter cable
616                     Charger, cigarette lighter
4654 Tripod
614 Ultra clamp, C-clamp mount
5081 Carrying case, hard-sided
5085 Hands-free harness
5065 Form-fitted carrying case
6115 Y-cable for interface with user-supplied GPS system
To order, or for more 
information, contact YSI
+1 937 767 7241 
800 897 4151 (US)
www.ysi.com
YSI Environmental
+1 937 767 7241
Fax +1 937 767 9353
environmental@ysi.com
YSI Integrated Systems & Services
+1 508 748 0366
Fax +1 508 748 2543
systems@ysi.com
SonTek/YSI
+1 858 546 8327
Fax +1 858 546 8150
inquiry@sontek.com
YSI Gulf Coast
+1 225 753 2650
Fax +1 225 753 8669
environmental@ysi.com
YSI Hydrodata (UK)
+44 1462 673 581
Fax +44 1462 673 582
europe@ysi.com
YSI Middle East (Bahrain)
+973 1753 6222
Fax +973 1753 6333
halsalem@ysi.com
YSI (Hong Kong) Limited
+852 2891 8154
Fax +852 2834 0034
hongkong@ysi.com
YSI (China) Limited
+86 10 5203 9675
Fax +86 10 5203 9679
beijing@ysi-china.com
YSI Nanotech (Japan)
+81 44 222 0009
Fax +81 44 221 1102
nanotech@ysi.com
EcoWatch, Pure Data for a Healthy 
Planet and Who’s Minding the Planet? 
are registered trademarks of YSI 
Incorporated. Windows is a registered 
trademark of the Microsoft Corporation.
©2007 YSI Incorporated
     Printed in USA 0707 E11-03 
The 650MDS can interface with any YSI sonde for 
• spot sampling
• short-term studies
• surface and ground water monitoring
• water level monitoring
Packaged together, the 600QS system includes 
a 600R conductivity sonde, 650MDS, field 
cable, and additional sensor options such as pH, 
dissolved oxygen, ORP, and vented level.
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Ocean Sensor Systems, Inc. 
Wave Gauge, OSSI-010-003B/C 
A Self Logging/Self Powered Pressure Sensor 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pressure Range Battery Part Number 
0 to 1 Bar  (obsolete) 6 volt OSSI-010-003B-01 
0 to 3 Bars (obsolete) 6 volt OSSI-010-003B-03 
0 to 10 Bars (obsolete) 6 volt OSSI-010-003B-10 
0 to 1 Bar  18 volt OSSI-010-003C-01 
0 to 3 Bars  18 volt OSSI-010-003C-03 
0 to 10 Bars  18 volt OSSI-010-003C-10 
0 to 1 Bar Extended Case,  21 Volt OSSI-010-003C-01E 
0 to 3 Bars Extended Case 21 Volt OSSI-010-003C-03E 
0 to 10 Bars Extended Case 21 Volt OSSI-010-003C-10E 
Extended case for Dual 21V, 28 cell Battery Pack 
General Description 
The OSSI-010-003B/C Wave Gauge 
combines a highly stable Pressure 
Sensor, a Compact Flash Card Data 
Logger, a rugged waterproof package and 
12 or 28 C size Alkaline Batteries.   A 
Low Power Microprocessor records up to 
2 Gigabytes of data on a Compact Flash 
Card in an ASCII or Binary format with 
time and date.   Then the Card is easily 
removed and can be read on any PC with 
a standard Compact Flash Card Reader.   
The Logger will collect months of 
continuous data or years of burst data.  A 
serial port is provided as a user interface 
to configure and monitor the Wave 
Gauge.  Standard pressure ranges are 0 to 
1 Bar, 0 to 3 Bars and 0 to 10 Bars. 
 
Features 
 Standard Compact Flash Card Data Storage 
 Data storage up to 2 Gigabytes 
 Standard Card Reader Compatible 
 Power with 12 or 28 C Size Alkaline Batteries  
 Flush Hastelloy Diaphragm 
 ABS Plastic Housing Rated to 100 Meters 
 Months of Continuous Operation 
 Years of Burst Operation 
 Rugged Sealed Waterproof Design 
 Fully Programmable via RS232  
 PC Interface Software 
 Binary or ASCII Data Format 
 Sample Rate From 2 Hz to 30Hz 
 Burst or Continuous Sampling 
 Accuracy  0.05% FS, 10 to 40 C  
 Resolution   0.0033%FS 
 Long Term Stability  0.05%FS 
 Optional Water Temperature Logging 
Dimensions and Ordering Information 
14.500
3.460
Pressure Sensor
0.5" Dia. Recessed
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Electrical Characteristics 
Parameter Conditions Min. Typ. Max. Units 
Battery Voltage 
6 V, 12 cell battery 3.6 6.0 7.0 VDC 
18V, 12 cell battery (4) 9 18 35 VDC 
21V, 28 cell battery (3) 9 21 35 VDC 
Temperature Range  -10  65 C 
Battery Drain,      
Sleep Mode 
6 V battery Pack  3  mW 
18V battery Pack (4)  3.4  mW 
21 V battery Pack  (3)  3.5  mW 
Battery Drain Sleep mode with RS232 Monitoring (1)  15.0  mW 
Battery Drain, 
Continuous Sampling 
6 V battery Pack  74.0  mW 
18V battery Pack (4)  65.2  mW 
21 V battery Pack  (3)  66.2  mW 
Battery Drain  
Continuous Sampling  
with RS232 Monitoring 
(1) 
 90.0  mW 
Battery Type, See 
schematic below 
Alkaline 6V  12   C Cells 
Alkaline 18V  12  C Cells 
Alkaline 21V  28  C Cells 
Battery Life 
Continuous Sampling 
6 V battery Pack  2.5  Month 
18V battery Pack (4)  3.0  Month 
21 V battery Pack (3)  6.5  Month 
Battery Life           
25% Sample (2) 
6 V battery Pack  8.5  Month 
18V battery Pack (4)  9.7  Month 
21 V battery Pack  (3)  21.7  Month 
Battery Life           
10% Sample (2) 
6 V battery Pack  16.7  Month 
18V battery Pack (4)  17.8  Month 
21 V battery Pack  (3)  40.3  Month 
(1) Powered up External Monitoring PC connected to RS232 Serial port. 
(2) Industrial Alkaline Batteries 12 C cells totaling 102 Watt hr. Typ.  or 28 calls totaling 238 Watt hr. Typ. 
(3) Only available with the extended Wave Gauge case (Identified with the letter E at the end of the 
Wave Gauge part number) 
(4)  Version C Wave Gauge only 
 
 
The 6V 12 alkaline C cells are connected in a Series, parallel arrangement. 
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The 18V 12 alkaline C cells are connected in a Series. 
 
 
 
The 21V 28 alkaline C cells are connected in two groups of 14 cells connected in series. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Data Characteristics, Pressure 
Parameter Conditions Min. Typ. Max. Units 
Pressure Numeric (4) 
Format & Units OSSI-010-003C-01     +.99999  Bars 
Pressure Numeric 
Format & Units OSSI-010-003C-03   +3.0000 Bars 
Pressure Numeric 
Format & Units OSSI-010-003C-10   +9.9999 Bars 
Data Accuracy (1)(2)(3) 10 to 40 C    0.05 ±% FS 
Data Accuracy (1)(2)(3) -10 to 65 C    0.1 ±% FS 
Data Resolution   0.0033  % FS 
Long Term Stability OSSI-010-003C-01  0.0005  Bar 
Long Term Stability OSSI-010-003C-03, -10  0.05  % FS 
 
(1)  Linearity + Hysteresis + Repeatability + Temperature Coefficients + Zero + Span Tolerance 
(2) Accuracy and Resolution are valid for Basic Pressure Range 
(3) Linearity: Best Straight Line 
(4) The 1 bar unit data format when over full scale (greater than +.99999) reads 1.00000 to 1.25000 
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Data Characteristics, Temperature 
Parameter Conditions Min. Typ. Max. Units 
Temperature Numeric 
Format & Units 0 to 62.4375 C   +999 counts 
Temperature Data 
Resolution Per count from 0C  0.0625  C 
Temperature Accuracy -10C to 65C   1.25 ± C 
Timing and Interfacing Characteristics 
Parameter Conditions Min. Typ. Max. Units 
Sample Frequency Programmable 2  30 (1) Hz 
Serial Baud Rate    9.6  Kbaud 
Flash Card Size FAT16 format 64  2000 Mbytes 
Sample Capacity 
    2000 Mbyte Flash Card 
  Binary IEEE 754 
           ASCII data   
468 
232 Msamples 
Sample Burst Time Programmable  1  60 minutes 
Sample Burst Interval Programmable 1  60 minutes 
New File Interval Programmable 1  255 days 
Real Time Clock Accuracy    20 ppm 
(1) Either Serial Output or Air Temperature must be off for 30 Hz sample rate.  
 
Battery Life Calculation: 
Battery life is a function of Burst Time and the Burst Interval.  It may be calculated with the 
following formula. 
 
Calculate Drain power first:  Dp = Sl + (Fs * (Bt / Bi)) 
Where  Dp = Drain power in mW 
 Bt = Burst Time in minutes 
 Bi = Burst Interval in minutes 
 
Power used with the 6V 12 Cell Battery Pack: 
 Fs = Power used during sampling = 74mW  
 Sl = Power used during sleep time = 3.0mW 
 
Power used with the 18V 12 Cell Battery Pack: 
 Fs = Power used during sampling = 65.2mW  
 Sl = Power used during sleep time = 3.5mW 
 
Power used with the 21V 28 Cell Battery Pack: 
 Fs = Power used during sampling = 66.2mW 
 Sl = Power used during sleep time = 3.5mW 
  
Now Calculate Battery Life:  Bl = Bc / Dp 
Where Bl = Battery Life in Hours 
 Bc = Battery Capacity in mWhr = 140,000mWhrs typ. for 12 C size alkaline batteries 
 Bc = Battery Capacity in mWhr = 326,000mWhrs typ. for 28 C size alkaline batteries 
Dp = Drain Power in mW 
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Data Storage Time: 
Data Storage Time is a function of Sample Frequency, Burst Time, Interval and Data format. 
 
The number of months of Data Storage for a Compact Flash Card may be calculated with the 
following formula. 
 
 St = (Sm * CF) / (F * (Bt / Bi) * 2,626,560) 
Where St = Storage Time in months 
 Sm = Samples per Mbyte per storage format type 
          122,000 samples per Mbyte for ASCII 
          115,000 samples per Mbyte for ASCII format with Air Temperature sampling 
          230,000 samples per Mbyte for Binary 
          230,000 samples per Mbyte for Binary format with Air Temperature sampling 
CF = Compact Flash card size in Mbytes 
F = Programmed Sample Frequency 2Hz, 5Hz, 10Hz, 20Hz, or 30Hz 
Bt = Burst Time in minutes 
Bi = Burst Interval in minutes 
 2,626,560 = Seconds per month 
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512 M byte Compact Flash card: 
Storage Time per Sample Frequency & Burst Bt/Bi
512Mb Flash Card, ASCII Data Format With Temp. 
2 Hz
5 Hz
10 Hz
20 Hz
30 Hz
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Storage Time per Sample Frequency & Burst Bt/Bi
512Mb Flash Card, Binary Data Format With Temp. 
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256 M byte Compact Flash card: 
Storage Time per Sample Frequency & Burst Bt/Bi
256Mb Flash Card, ASCII Data Format With Temp. 
2 Hz
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Storage Time per Sample Frequency & Burst Bt/Bi
256Mb Flash Card, Binary Data Format With Temp. 
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128 M byte Compact Flash card: 
Storage Time per Sample Frequency & Burst Bt/Bi
128Mb Flash Card, ASCII Data Format With Temp. 
2 Hz
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20 Hz
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Storage Time per Sample Frequency & Burst Bt/Bi
128Mb Flash Card, Binary Data Format With Temp. 
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Number of Files and File Name: 
The maximum number of files that the Wave Gauge can create is 512.  The file names are 
automatically created starting at WLOG_000 and sequence up to WLOG_511.  If previous files 
were left on the Compact Flash card those file names will be skipped.  Note file name (location) 
WLOG_000 may be reserved and hidden by the Compact Flash Card manufacture. 
 
File Format: 
A File Header is placed at the start of each file when created.  The Header contains the creation 
time, date and configuration information.   The time and date are also placed at the start of each 
new burst.   
 
New File Header Layout, Comma Delimited (separated) 
Offset Length & Type File Status: Time, Date and Configuration Data 
00h 4 ASCII bytes Y00, to Y99, for Year 2000 to 2099 
04h 4 ASCII bytes M01, to M12, for Month Jan to Dec 
08h 4 ASCII bytes D01, to D31, for Day of month 1 to 31 
0Ch 4 ASCII bytes H00, to H23, for Hour of Day  midnight to 23:00 hrs 
10h 4 ASCII bytes M00, to M59, for Minute of Hour 00 to 59 
14h 4 ASCII bytes S00, to S59, for Second of Minute 00 to 59 
18h 4 ASCII bytes F02, F05, F10, F20, F30,  Sample Frequency in Hz 
1Ch 4 ASCII bytes L01, to L60, Burst Length 1 to 60 Minutes  (note 1) 
20h 4 ASCII bytes I01, to I60, Burst Interval 1 to 60 Minutes 
24h 5 ASCII bytes N001, to N255, New File Interval 1 to 255 days (note 1) 
28h 3 ASCII bytes Z00  Min. Pressure Range in Bars 
2Dh 5 ASCII bytes X01, X03, X10, X30 Max. Pressure Range in Bars 
30h 4 ASCII bytes T10,  Wave Gauge Type 10 = OSSI-010-003C 
35h 6 ASCII bytes R0000, Reserved 
3Bh 4 Binary bytes 0Dh 0Ah 0Dh 0Ah   Two carriage return line feeds 
       
Note 1:  0 = continuous 
 
 
New Burst Header Layout, Comma Delimited (separated) 
Offset Length & Type Burst Status:  Start Time and Date 
3Fh 4 ASCII bytes Y00, to Y99, for Year 2000 to 2099 
43h 4 ASCII bytes M01, to M12, for Month Jan to Dec 
47h 4 ASCII bytes D01, to D31, for Day of month 1 to 31 
4Bh 4 ASCII bytes H00, to H23, for Hour of Day  midnight to 23:00 hrs 
4Fh 4 ASCII bytes M00, to M59, for Minute of Hour 00 to 59 
53h 4 ASCII bytes S00, to S59, for Second of Minute 00 to 59 
57h 2 Binary bytes 0Dh 0Ah    One carriage return line feed 
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File Data Format: 
The file data may be stored in ASCII or Binary format and with or without Air Temperature.  
After each set of 12 Pressure Data samples stored, an Air Temperature sample is inserted if the 
temperature option is selected.  Then a carriage return line feed is added if in ASCII format.  In 
binary format two hex FE bytes will be added.  At the end of each burst two carriage return line 
feeds are added in ASCII format or two hex FF bytes in binary format.  The Binary Pressure Data 
is in IEEE 754 single precision floating point. 
 
Sampled Data in ASCII Format, Comma Delimited with Air Temperature 
Offset Length & Type Data Description (for a  0 to 3 Bar Sensor) 
59h 8 ASCII bytes -0.3000, to +3.0000, Pressure Sample #1 
61h 8 ASCII bytes -0.3000, to +3.0000, Pressure Sample #2 
69h 8 ASCII bytes -0.3000, to +3.0000, Pressure Sample #3 
71h 8 ASCII bytes -0.3000, to +3.0000, Pressure Sample #4 
79h 8 ASCII bytes -0.3000, to +3.0000, Pressure Sample #5 
81h 8 ASCII bytes -0.3000, to +3.0000, Pressure Sample #6 
89h 8 ASCII bytes -0.3000, to +3.0000, Pressure Sample #7 
91h 8 ASCII bytes -0.3000, to +3.0000, Pressure Sample #8 
99h 8 ASCII bytes -0.3000, to +3.0000, Pressure Sample #9  
A1h 8 ASCII bytes -0.3000, to +3.0000, Pressure Sample #10 
A9h 8 ASCII bytes -0.3000, to +3.0000, Pressure Sample #11 
B1h 8 ASCII bytes -0.3000, to +3.0000, Pressure Sample #12 
B9h 6 ASCII bytes -0640, To +1024, Air Temp. -40 to +65 C,  0.0625 C per count 
BEh 2 Binary bytes 0Dh 0Ah    One carriage return line feed 
C91h 8 ASCII bytes -0.3000, to +3.0000, Pressure Sample #13 
      
      
??h 8 ASCII bytes -0.3000, to +3.0000, Pressure Sample #??  
??h 4 Binary bytes 0Dh 0Ah 0Dh 0Ah   Two carriage return line feeds 
 
Sampled Data in ASCII Format, Comma Delimited without  Air Temperature 
Offset Length &/ Type Data Description  (for a  0 to 3 Bar Sensor) 
59h 8 ASCII bytes -0.3000, to +3.0000, Pressure Sample #1 
61h 8 ASCII bytes -0.3000, to +3.0000, Pressure Sample #2 
69h 8 ASCII bytes -0.3000, to +3.0000, Pressure Sample #3  
71h 8 ASCII bytes -0.3000, to +3.0000, Pressure Sample #4 
79h 8 ASCII bytes -0.3000, to +3.0000, Pressure Sample #5 
81h 8 ASCII bytes -0.3000, to +3.0000, Pressure Sample #6 
89h 8 ASCII bytes -0.3000, to +3.0000, Pressure Sample #7 
91h 8 ASCII bytes -0.3000, to +3.0000, Pressure Sample #8 
99h 8 ASCII bytes -0.3000, to +3.0000, Pressure Sample #9 
A1h 8 ASCII bytes -0.3000, to +3.0000, Pressure Sample #10 
A9h 8 ASCII bytes -0.3000, to +3.0000, Pressure Sample #11 
B1h 8 ASCII bytes -0.3000, to +3.0000, Pressure Sample #12 
B9h 2 Binary bytes 0Dh 0Ah    One carriage return line feed 
BBh 8 ASCII bytes -0.3000, to +3.0000, Pressure Sample #13 
      
??h 8 ASCII bytes -0.3000, to +3.0000, Pressure Sample #?? 
??h 4 Binary bytes 0Dh 0Ah 0Dh 0Ah   Two carriage return line feeds 
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File Data Format cont: 
 
Sampled Data in Binary Format with  Air Temperature: 
Offset Length & Type Data Description 
59h 4 Binary bytes 32 bit floating point Pressure Sample #1   
5Dh 4 Binary bytes 32 bit floating point Pressure Sample #2   
61h 4 Binary bytes 32 bit floating point Pressure Sample #3   
65h 4 Binary bytes 32 bit floating point Pressure Sample #4   
69h 4 Binary bytes 32 bit floating point Pressure Sample #5   
6Dh 4 Binary bytes 32 bit floating point Pressure Sample #6   
71h 4 Binary bytes 32 bit floating point Pressure Sample #7   
75h 4 Binary bytes 32 bit floating point Pressure Sample #8   
79h 4 Binary bytes 32 bit floating point Pressure Sample #9   
7Dh 4 Binary bytes 32 bit floating point Pressure Sample #10   
81h 4 Binary bytes 32 bit floating point Pressure Sample #11   
85h 4 Binary bytes 32 bit floating point Pressure Sample #12   
89h 2 Binary bytes 82 80h to 04 00h, Air Temp. -40 to +65 C,  0.0625 C per count 
8Bh 2 Binary bytes FE FEh every 12 samples  
   
      
      
??h 4 Binary bytes 32 bit floating point Pressure Sample #??   
??h 2 Binary bytes FF FFh at end of each Burst  
??h 26 bytes  New Burst Header ending with FE FE 
 
Sampled Data in Binary Format without Air Temperature: 
Offset Length / Type Data Description 
59h 4 Binary bytes 32 bit floating point Pressure Sample #1   
5Dh 4 Binary bytes 32 bit floating point Pressure Sample #2   
61h 4 Binary bytes 32 bit floating point Pressure Sample #3   
65h 4 Binary bytes 32 bit floating point Pressure Sample #4   
69h 4 Binary bytes 32 bit floating point Pressure Sample #5   
6Dh 4 Binary bytes 32 bit floating point Pressure Sample #6   
71h 4 Binary bytes 32 bit floating point Pressure Sample #7   
75h 4 Binary bytes 32 bit floating point Pressure Sample #8   
79h 4 Binary bytes 32 bit floating point Pressure Sample #9   
7Dh 4 Binary bytes 32 bit floating point Pressure Sample #10   
81h 4 Binary bytes 32 bit floating point Pressure Sample #11   
85h 4 Binary bytes 32 bit floating point Pressure Sample #12   
8Eh 2 Binary bytes FE FEh every 12 samples  
   
      
      
??h 4 Binary bytes 32 bit floating point Pressure Sample #??   
??h 2 Binary bytes FF FFh at end of each Burst  
??h 26 bytes  New Burst Header ending with FE FE 
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Example - Sampled Data in ASCII Format Comma Delimited with Air Temperature 
Viewed in WordPad: 
 
Y02,M11,D09,H21,M48,S10,F30,L02,I01,N001,Z00,X03,T10,R0000, 
 
Y03,M03,D30,H00,M53,S00, 
+0.0068,+0.0069,+0.0069,+0.0068,+0.0068,+0.0068,+0.0070,+0.0069,+0.0069,+0.0069,+0.0069,+0.0070,+0374, 
+0.0069,+0.0068,+0.0069,+0.0069,+0.0070,+0.0070,+0.0069,+0.0069,+0.0069,+0.0070,+0.0069,+0.0068,+0374, 
+0.0068,+0.0069,+0.0069,+0.0069,+0.0069,+0.0069,+0.0069,+0.0070,+0.0069,+0.0069,+0.0068,+0.0068,+0374, 
+0.0068,+0.0069,+0.0070,+0.0069,+0.0068,+0.0067,+0.0066,+0.0068,+0.0068,+0.0068,+0.0068,+0.0068,+0375, 
+0.0069,+0.0068,+0.0069,+0.0069,+0.0068,+0.0068,+0.0069,+0.0068,+0.0068,+0.0068,+0.0068,+0.0068,+0373, 
+0.0068,+0.0068,+0.0069,+0.0068,+0.0069,+0.0068,+0.0069,+0.0069,+0.0068,+0.0069,+0.0068,+0.0068,+0373, 
+0.0070,+0.0069,+0.0068,+0.0067,+0.0066,+0.0069,+0.0069,+0.0069,+0.0069,+0.0068,+0.0070,+0.0070,+0375, 
+0.0069,+0.0069,+0.0069,+0.0070,+0.0070,+0.0069,+0.0068,+0.0068,+0.0069,+0.0069,+0.0068,+0.0068,+0374, 
+0.0067,+0.0069,+0.0068,+0.0067,+0.0067,+0.0067,+0.0069,+0.0069,+0.0068,+0.0069,+0.0069,+0.0071,+0374, 
+0.0069,+0.0069,+0.0069,+0.0069,+0.0071,+0.0070,+0.0069,+0.0069,+0.0067,+0.0069,+0.0068,+0.0068,+0374, 
+0.0069,+0.0068,+0.0070,+0.0069,+0.0069,+0.0069,+0.0070,+0.0071,+0.0069,+0.0069,+0.0068,+0.0068,+0374, 
 
 
Y03,M03,D30,H00,M55,S00, 
+0.0000,+0.5526,+0.3264,+0.1937,+0.1160,+0.0704,+0.0436,+0.0281,+0.0188,+0.0135,+0.0103,+0.0083,+0374, 
+0.0075,+0.0068,+0.0064,+0.0061,+0.0061,+0.0062,+0.0061,+0.0060,+0.0059,+0.0058,+0.0060,+0.0059,+0373, 
+0.0060,+0.0060,+0.0061,+0.0063,+0.0061,+0.0061,+0.0059,+0.0058,+0.0060,+0.0059,+0.0060,+0.0059,+0373, 
+0.0060,+0.0062,+0.0061,+0.0061,+0.0062,+0.0060,+0.0062,+0.0062,+0.0062,+0.0061,+0.0061,+0.0063,+0374, 
 
 
 
Example - Sampled Data in ASCII Format Comma Delimited without Air Temperature 
Viewed in WordPad: 
 
Y02,M11,D09,H21,M48,S10,F30,L02,I01,N001,Z00,X03,T10,R0000, 
 
Y03,M03,D30,H00,M53,S00, 
+0.0068,+0.0069,+0.0069,+0.0068,+0.0068,+0.0068,+0.0070,+0.0069,+0.0069,+0.0069,+0.0069,+0.0070, 
+0.0069,+0.0068,+0.0069,+0.0069,+0.0070,+0.0070,+0.0069,+0.0069,+0.0069,+0.0070,+0.0069,+0.0068, 
+0.0068,+0.0069,+0.0069,+0.0069,+0.0069,+0.0069,+0.0069,+0.0070,+0.0069,+0.0069,+0.0068,+0.0068, 
+0.0068,+0.0069,+0.0070,+0.0069,+0.0068,+0.0067,+0.0066,+0.0068,+0.0068,+0.0068,+0.0068,+0.0068, 
+0.0069,+0.0068,+0.0069,+0.0069,+0.0068,+0.0068,+0.0069,+0.0068,+0.0068,+0.0068,+0.0068,+0.0068, 
+0.0068,+0.0068,+0.0069,+0.0068,+0.0069,+0.0068,+0.0069,+0.0069,+0.0068,+0.0069,+0.0068,+0.0068, 
+0.0070,+0.0069,+0.0068,+0.0067,+0.0066,+0.0069,+0.0069,+0.0069,+0.0069,+0.0068,+0.0070,+0.0070, 
+0.0069,+0.0069,+0.0069,+0.0070,+0.0070,+0.0069,+0.0068,+0.0068,+0.0069,+0.0069,+0.0068,+0.0068, 
+0.0067,+0.0069,+0.0068,+0.0067,+0.0067,+0.0067,+0.0069,+0.0069,+0.0068,+0.0069,+0.0069,+0.0071, 
+0.0069,+0.0069,+0.0069,+0.0069,+0.0071,+0.0070,+0.0069,+0.0069,+0.0067,+0.0069,+0.0068,+0.0068, 
+0.0069,+0.0068,+0.0070,+0.0069,+0.0069,+0.0069,+0.0070,+0.0071,+0.0069,+0.0069,+0.0068,+0.0068, 
 
 
Y03,M03,D30,H00,M55,S00, 
+0.0000,+0.5526,+0.3264,+0.1937,+0.1160,+0.0704,+0.0436,+0.0281,+0.0188,+0.0135,+0.0103,+0.0083, 
+0.0075,+0.0068,+0.0064,+0.0061,+0.0061,+0.0062,+0.0061,+0.0060,+0.0059,+0.0058,+0.0060,+0.0059, 
+0.0060,+0.0060,+0.0061,+0.0063,+0.0061,+0.0061,+0.0059,+0.0058,+0.0060,+0.0059,+0.0060,+0.0059, 
+0.0060,+0.0062,+0.0061,+0.0061,+0.0062,+0.0060,+0.0062,+0.0062,+0.0062,+0.0061,+0.0061,+0.0063, 
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Checking the Battery Pack: 
Measuring the open circuit voltage of the Alkaline battery pack to determine the amount 
of service life will only yield a rough estimate. 
An open circuit reading of 6 volts or greater for the 4 cell Alkaline Battery Pack indicates 
essentially that the battery pack has at least 90% capacity. 
 
Communications and Configuration: 
The Wave Gauge may be configured with a PC’s RS232 serial port.  Use our convenient 
programming software or a Hyper Terminal with the following commands. 
 
Commands are one byte and Acknowledgements are 3 bytes  
 
Commands:  
s = Stop running sample routine and wait for command instructions. 
w = Write configuration data to Wave Gauge from PC. 
r = Read back configuration data to PC. 
i = Read back ID number to PC. 
g  = Go run main sample and store data to Compact Flash card routine. 
 
Acknowledgements: 
SOK = Acknowledge Stop running command and wait for command instruction. 
WOK = Acknowledge Write configuration and wait to receive data from PC. (Time out in 15 sec) 
ROK = Acknowledge Transmit configuration and transmit configuration data to PC. 
IOK = Acknowledge ID Command and transmit ID (serial) number to PC. 
GOK = Acknowledge go command and go run main sample and store data routine. 
BAD = Receive failure or check sum on configuration data error 
DOW = Do, write to configure Wave Gauge. Wave Gauge has not been configured. 
 
Monitoring the sampled data:  
The sampled data may be monitored via the RS232 serial port if the configuration control byte is 
set to enable the RS232 port: 
Example with Air Temperature enabled: 
+1.2345, +0384 
+1.2345, +0384 
   :          : 
+1.2345, +0384 
Example without Air Temperature enabled: 
+1.2345 
+1.2345 
  : 
+1.2345 
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To Configure the Wave Gauge a 44 comma separated 2 ASCII character string must be sent to it. 
 
Configuration String, Comma Delimited, Transmitted via RS232 serial port to Wave Gauge 
Offset Length & Type Name Range and Description 
00h 3 ASCII bytes Sensor Type 0A,  = Wave Gauge 
03h 3 ASCII bytes Max Pressure 01, 03, 10, or 30, The max. pressure range in Bars  
06h 3 ASCII bytes Min Pressure 00, Bars 
09h 12 ASCII bytes (reserved) 00,00,00,00, 
15h 3 ASCII bytes 
Sample 
Frequency 
02, or 05, or 0A, or 14, or 1E, Hex. Selects Sample Frequency 
02, or 05, or 10, or 20, or 30 Hz 
18h 3 ASCII bytes Burst Time 01, to 3C Hex value,  Burst Time value, 1 to 60 Minutes  (note 4) 
1Bh 3 ASCII bytes Burst Interval 01, to 3C Hex value,  Burst Interval value, 1 to 60 Minutes 
1Eh 3 ASCII bytes 
New File 
Interval 01, to FF,  Hex value,  New File Interval 1 to 255 days (note 1) 
21h 3 ASCII bytes 
Set RTC 
seconds 
00, to 59 Dec. Value,  Real Time Clock, set only when control byte 
bit 3 is set  
24h 3 ASCII bytes 
Set RTC 
Minutes 
00, to 59 Dec. Value,  Real Time Clock, set only when control byte 
bit 3 is set 
27h 3 ASCII bytes Set RTC Hours 
00, to 23 Dec. Value,  Real Time Clock, set only when control byte 
bit 3 is set 
2Ah 3 ASCII bytes 
Set RTC Day 
of week 
01, to 07 Dec. Value,  Real Time Clock, set only when control byte 
bit 3 is set 
2Dh 3 ASCII bytes Set RTC Date 
01, to 31 Dec. Value,  Real Time Clock, set only when control byte 
bit 3 is set 
30h 3 ASCII bytes 
Set RTC 
Month 
01, to 12 Dec. Value,  Real Time Clock, set only when control byte 
bit 3 is set 
33h 3 ASCII bytes Set RTC Year 
00, to 99 Dec. Value,  = 2000 to 2099,  set only when control byte 
bit 3 is set 
36h 3 ASCII bytes Start Minutes 00, to 59 Dec. Value, Start logging data on compact Flash Card 
39h 3 ASCII bytes Start Hours 00, to 59 Dec. Value, Start logging data on compact Flash Card 
3Ch 3 ASCII bytes Start Date 00, to 31 Dec. Value, Start logging data on compact Flash Card 
3Fh 3 ASCII bytes Start Month 00, to 12 Dec. Value, Start logging data on compact Flash Card 
42h 3 ASCII bytes Start Year 00, to 99 Dec. Value, Start logging data on compact Flash Card 
45h 54 ASCII Bytes (reserved) 
00,00,00,00,00,00,00,00,00,00,00,00,00,00,00,00,00,00, = Reserved 
space, 18 comma delimited 2 ASCII char.  
7Bh 3 ASCII bytes CF Status 00, read only, Compact Flash status 
7Eh 3 ASCII bytes Control Byte See Control Byte Table below 
81h 3 ASCII bytes Check Sum 
00, to FF Hex value, is the sum of the Hex values in offset 00h to 
81h (Note: Treat all Dec. values as Hex Values)   
 
Note 4:  00, = continuous 
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Control Byte 
Bit 7 0 
Bit 6 0 
Bit 5 1 = Enable Start Sampling Time control 
0 = Start Sampling Immediately  
Bit 4 1 = Water Temp. enabled 
0 = Water Temp disabled 
Bit 3 1 = Set Real Time Clock Time and Date per this file 
0 = No change to Real Time Clock 
Bit 2 0 = 9600 baud, default 
Bit 1 
1 = RS232 output enabled battery power drain 70 mW in cont. sample mode 
0 = RS232 output disabled,  battery power drain 54 mW in cont. sample mode 
      Note Transmit data always sent in ASCII format  
Bit 0 
1 = BINARY Data file format 
0 = ASCII Data File comma delimited and carriage return every 12 samples. 
 
Installing and Removing the Compact Flash card: 
Install the Compact Flash card with the top label facing down as viewed below.   If the power 
plug is connected the File Status LED will turn on for 3 seconds.  If the power plug is not 
connected the File Status LED will turn on for 3 seconds when it is connected.   If the card size or 
format is incorrect the File Status LED will blink fast for 4 seconds.  If the battery voltage is low 
the LED will not turn on at all. 
 
To remove the card, first press the Close File Button.  The File Status LED will indicate that it’s 
ok to unplug the card by a continuous 1 second on and 1 second off blinking.  The File Status 
LED will stop blinking when the card is removed.   If the card is removed before pressing the 
Close File Button the last file will be corrupted.   The File Status LED will blink fast for 4 
seconds to indicate this error. 
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VICINITY MAP Reproduced from U.S. Geological Survey, Aerial dated 1983
Station Name: PO148-SM-01
Monument Location: This station is located on the corner of Bayou La Loutre and a north-south canal that intersects
with Bayou La Loutre. The Monument is situated on the east bank of the north-south canal and is approximately 30
feet east of the water’s edge and is approximately 35 feet northerly from Bayou La Loutre’s water’s edge.
Monument Description: NGS Style Floating Sleeve Monument: 9/16” Stainless steel sectional rods driven 64 feet to
refusal within a greased sleeve and sand filled 6” PVC pipe with protective cover and is set above the ground.
Monument Established By: T. Baker Smith, LLC
For: Coastal Protection and Restoration Authority, CPRA
Stamping: “PO148-SM-01”
Installation/Survey Date: April 2013
Adjusted NAD83 (2011) Geodetic Position
Lat. 29 47' 43.67278"N “PO148-SM-01”
Long. 89 23' 20.72523"W
Adjusted NAD83 (2011) Datum LSZ (1702) Ft
N= 476,343.280
E= 3,897,480.698
Adjusted NAVD88 Height (Epoch 2010.0)
Elevation = 4.83 feet (1.472 mtrs)
Ellipsoid Height = -24.079 mtrs.
Geoid12A Height = -25.551 mtrs.
“PO148-SM-01”
Adjusted Position Established by T. Baker Smith, LLC for the Coastal Protection and Restoration Authority, CPRA
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VICINITY MAP Reproduced from U.S. Geological Survey, Aerial dated 1994
Station Name: PO148-SM-02
Monument Location: This station is located in a southwest-northeast canal near the northeastern side of Eloi Bay in
between Bayou La Loutre and Otter Bayou. The Monument is situated on the north bank of the canal and is
approximately 630 feet from Eloi Bay and approximately 25 feet north of the water’s edge from the canal.
Monument Description: NGS Style Floating Sleeve Monument: 9/16” Stainless steel sectional rods driven 100 feet to
refusal within a greased sleeve and sand filled 6” PVC pipe with protective cover and is set above the ground.
Monument Established By: T. Baker Smith, LLC
For: Coastal Protection and Restoration Authority, CPRA
Stamping: “PO148-SM-02”
Installation/Survey Date: April 2013
Adjusted NAD83 (2011) Geodetic Position
Lat. 29 46' 24.80905"N “PO148-SM-02”
Long. 89 19' 09.89810"W
Adjusted NAD83 (2011) Datum LSZ (1702) Ft
N= 468,759.796
E= 3,919,716.739
Adjusted NAVD88 Height (Epoch 2010.0)
Elevation = 3.53 feet (1.076 mtrs)
Ellipsoid Height = -24.413 mtrs.
Geoid12A Height = -25.489 mtrs.
“PO148-SM-02”
Adjusted Position Established by T. Baker Smith, LLC for the Coastal Protection and Restoration Authority, CPRA
97
APPENDIX C 
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